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CHITONS AND GASTROPODS (HALIOTIDAE THROUGH ADEORBIDAE)
FROM THE WESTERN PACIFIC ISLANDS

By Harry S. Lapp

ABSTRACT

Cenozoic mollusks from seven island groups in the western
Pacific are treated systematically. The islands form a broad belt
spreading 4,000 miles across tropical latitudes from the Mariana
Islands and Palau on the northwest through the Marshall, Ellice
and New Hebrides groups to Fiji and Tonga on the southeast.
Each of the island groups has a section of Quaternary limestones
and all except the Ellice group are known to have a Tertiary
sequence as well. The known Tertiary in all island groups, except
that in the New Hebrides, extends back as far as the Eocene,
No Paleocene rocks have been recognized.

Two hundred and eight species and subspecies are described.
These include representatives of 3 families of chitons and 16
families of gastropods (Haliotidae through Adeorbidae). Three
new subgenera of gastropods are described: Vitiastraea (sub-
genus of Astraea), Subditotectarius (subgenus of Tectarius), and
Ailinzebina (subgenus of Zebina). Sixty-seven new species and
five new subspecies are described. The species discussed in the
present report comprise approximately one-sixth of available
collections.

About three-fourths of the new forms were recovered from the
drill holes in the Marshall Islands; the remainder, from outcrop
samples, are divided almost equally between Palau and Fiji. A
few of the new forms from the Marshall Islands also occur in
Palau and Fiji.

The richest and most widespread assemblages are Miocene
(Tertiary f and g). Most of the mollusks are reef associated.
Many, notably those of the limestones in the deep drill holes of
the Marshalls, occur in beds that were deposited in lagoons;
some species occur in beds that were accumulated on tidal flats;
a few species lived in fresh or brackish waters.

The assemblages of fossil mollusks, like those living in the
area today, are Indo-Pacific in general aspect. The strongest dis-
cernible ties are with living and fossil faunas of tropical Indo-
nesia, rather than with faunas from more southerly areas (south-
crn Australia and New Zealand) or more northerly areas (the
Ryukyu Islands and Japan). Thirtv-three of the deseribed species
that still live in the island area have been there at least since
late Tertiary time. Of this group, the shells of 25 were recovered
from Marshall Island drill holes, those of 10 from outcrops in
Fiji. A few species (hat lived in the island area during the
Tertiary are now living only in other parts of the Indo-Pacific
region.

Numerous living Indo-Pacific species had close relatives, some
perhaps ancestral, in the island area during the upper Tertiary.
In the Miocene of Bikini is a species of Pisulina, a genus known
previously only from a few species living near India and Ceylon.
The nearest relatives of o lower Miocene Cynisea of Eniwetok
live off the Cape of Good Hope, South Afvica. Schizochiton, the
reef chiton that lives today in the Philippines and northern Aus-
tralia, had representatives in the Marshall Islands and Palau

during the Miocene. Ties between the island area and the
Americas are suggested, but they are less impressive than rela-
tionships with the Indo-Pacific.

INTRODUCTION
AREA AND LOCALITIES

The islands of the western Pacific considered here
form a broad and somewhat irregular belt spreading
4,000 miles across the tropical latitudes of the western
Pacific, from the Mariana Islands and Palau on the
northwest to Fiji and Tonga on the southeast (fig. 1).
The belt measures approximately 1,000 miles in width
and includes seven island groups—Marshall,- Ellice,
Mariana, Palau, New Hebrides, Fiji, and Tonga. Of
these, only the Marshall and Ellice Islands lie in the
Pacific Basin proper, within the circum-Pacific ‘andesite
line. As thus outlined, the belt includes all of Micronesia
and eastermost Melanesia and separates Indonesia from
most of the Pacific Basin proper.

PURPOSE AND SCOPE

This primarily paleontologic report deals mainly with
large collections of fossil mollusks obtained by the U.S.
Geological Survey and other governmental agencies dur-
ing field investigations in Micronesia in the years im-
mediately following World War II. These investigations
were of two types: (1) Deep drilling at Bikini Atoll in
connection with Operation Crossroads in 1947 and at
Eniwetok Atoll for the Atomic Energy Conunission in
1951-52; all deep drilling was under the supervision of
U.S. Geological Survey personnel. (2) Detailed mapping
projects carried on by the U.S. Geological Survey under
the sponsorship of the U.S. Army, Corps of Engineers,
in Palau, 1947-48, Saipan, 194849, Tinian, 1949-51, and
Guam, 1951-54. The Survey's collections from Guam
supplement even larger collections made earlier by the
Pacific Island Engincers under contract with the U.S.
Navy.

In an attempt to make the study of island fossil mol-
lusks as complete as possible, collections from other
island groups—Fiji, Tonga, New Hebrides, and Ellice
Islands—have been reviewed. Some material from these
islands, already deseribed in print, has been reexamined.

1



CHITONS AND GASTROPODS FROM WESTERN PACIFIC ISLANDS

Fiavrr 1—Location of island groups from which fossil mollusks have been obtained. Dashed line marks structural boundary of
Pacific Basin (andesite line).

The moltusks living in the western Pacific island area | ments of age, correlation, and paleoecologic interpreta-
today are closely related to those of Indonesia, and a | tion are given in this paper, but a full dism'lssion of tl'lese
study of fossil forms should have some bearing on ques- | matters and detailed interpretations of regional relations
tions involving origin and migration. Preliminary state- | of the faunas arc reserved for a later paper.
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EARLIER REFERENCES TO FOSSIL MOLLUSKS

Published papers that contain identifications or de-
seriptions of fossil mollusks from the island under con-
sideration are briefly annotated and arranged chron-
ologically under island groups below.

PALAU

1951. Hatai, Kotora, Fossil Mollusca from Angaur Island: Inst.
Geology and Paleontology, Tohoku Univ., Short paper
3, p. 127.

Collections made by R. Tayama contain a dozen
forms. Five are identified with Recent species, and it
is concluded that the beds are probably post-Miocene
in age.

MARIANA ISLANDS

1956. Gardner, Julia, in Cloud, P. E.. Jv.. Schmidt, R. G., and
Burke, H. W., Geology of Saipan, Mariana Islands:
US. Geol. Survey, Prof. Paper 260-A, p. 47, 60, 66-67,
80-81, 86-87.

Preliminary reports on collections of fossil mollusks
from Tertiary and younger rocks of Saipan. From the
Focene (Hagman Formation and Matanzas Limestone)
a few generic references; from the Miocene (Tagpochau
Limestone) 29 mollusks named, 13 being specifically
identified or compared with named species; from the
Pleistocene (Mariana and Tanapag Limestones) 30 mol-
lusks, of which 19 are identified specifically or compared
with described species. Molluscan fauna of Mariana
Limestone probubly represents older Pleistocene.

MARSHALL ISLANDS

1954. Ladd, H. 8., in Emery, K. O., Tracey, J. 1., Jr., and Ladd,
H. S.. Geology of Bikini and nearby atolls, Marshall
Islands: TU.S. Geol. Survey Prof. Paper 260-A. p. 80—
84, 90.

Fossil mollusks from seven intervals in upper 300
feet in deep drill holes identified with species living in
existing lagoons of Bikini and Eniwetok. Mollusks from
925 to 935 feet recognized as appreciably older shallow-
water fauna.

1957. Ladd, H. 8., and Tracey, J. 1., Jr., Fossil land shells from
deep drill holes on western Pacific atolls: Deep-Sea
Research, v. 4, no. 3, p. 218-219.

Records occurrence of four species of minute land
snails in Miocene and younger rocks of atolls, including
Bikini and Eniwetok. Because the shells belong to a
genus (Ptychodon) that normally lives on forested is-
lands well above sea level, their occurrence suggests
that the present-day atolls periodically stood above sea
level, functioning as stepping stones in the distribution
of life.

1958. Ladd, H. S., Fossil land shells from western Pacific atolls:
Jour. Paleontology, v. 32, no. 1, p. 183-198.

Descriptions of fossil endodont land snails (Ptycho-
don) including three species obtained from Bikini and
Eniwetok from lagoonal deposits now 170-1800 feet be-
low sea level. Ages ranges from Miocene (Tertiary e)
to Pleistocene or Recent.

1960. Ladd, H. S, Origin of the Pacific Island molluscan fauna:
Am. Jour. Sei., Bradley volume, 258-A, p. 137-150.

Summarizes data supporting a suggestion that many
elements of the Indo-Pacific fauna may have originated
in the islands in Cretaceous and Tertiary times and
later migrated with aid of prevailing winds and currents
to west and southwest.

1960. Ladd, H. S., and Schlanger. S. O., Drilling operations on
Eniwetok Atoll, US. Geol. Survey Prof. Paper 260-Y,
p. 863-903.

Includes generic identifications of mollusks in series
of drill holes, deepest of which reached upper Eocene
(Tertiary b).

1960. Ladd, H. S., Distribution of molluscan faunas in the Pa-
cific islands during the Cenozoic: U.S. Geol. Survey
Prof. Paper 400-B. p. B374-B375.

Brief summary of known occurrences of fossil mol-
Iusks in six island groups in the western Pacific.

ELLICE ISLANDS
FUNAFUTI

1904. Hinde, G. J., Report on the materials from the borings
at the Funafuti Atoll, in The Atoll of Funafuti: Royal
Soc. London, p. 187-361.

A few of the sands obtained from the upper parts of
the drill holes contain rare but well-preserved shells of
micromollusks, and many of the cores from lower levels
show molds of larger mollusks. A few generic determi-
nations made by E. A. Smith and others are cited, but
in most places molluscan occurrences are recorded merely
as casts of gastropods or lamellibranchs.

1957. Ladd, H. 8., and Tracey, J. I.. Jr., Fossil land shells from
deep drill holes on western Pacific atolls: Deep-Sea

Research, v. 4, no. 3, p. 218-219.

Cites occurrence of species of Piychodon in sample
obtained from holes drilled in post-Miocene reefs.

. Tadd, H. 8., Fossil land shells from western Pacific Islands:
Jour. Paleontology, v. 32, no. 1, p. 183-198.

Ptychodon sp. A is described and figured from par-
dally leached coralliferous limestone from a drill hole
at a depth of 166-170 feet. Age, Pleistocene or Recent.

NEW HEBRIDES

Mawson, Douglas, The geology of the New Hebrides:
Linnean Soc. New South Wales Proc., v. 30, p. 400-485.

1905.

Includes reference (by number) to occurrences of
fossil mollusks identified by Charles Hedley and listed
in appendix.

1905. Hedley, Charles. Determinations of Mollusca, in Mawson,
Douglas, The geology of the New Hebrides: Linnean

Soc. New South Wales Proc., v. 30, p. 477-478.

Lists 82 generic and specific determinations of mol-
lusks believed to range in age from Pliocene to Recent.
Several are considered to be new but are not described.
Some forms thought to have lived bevond intertidal
levels, perhaps as deep as 15 fathoms.
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1937. Abrard, René, and La Riie, E. A. de, Sur lexistence du
Néogeéne supérieur & Cycloclypeus aux iles Epi et Male-
kula (Nouvelles-Hébrides): Acad. sci. [Paris] Comptes
rendus, v. 204, no. 25, p. 1951-1953.

Nine fossil mollusks are identified with Recent Indo-
Pacific species, four with fossil forms described by Ladd
from Viti Levu, Fiji, two with Miocene species from
Java; 17 others appear to be undescribed.

1937. Abrard, René, and La Riie, E. A. de, Sur la présence du
Phocene a l'lle Malekula (Nouvelles Hébrides): Acad.
sci. [Paris] Comptes rendus, v. 205, no. 4, p. 290-292.

A total of 31 mollusks are identified with Recent
species or compared with such forms. Three others are
recognized as new, and three are identified with species
from the Pliocene of Java. The beds are assigned to
the Pliocene.

1938. Abrard, René, and La Riie, E. A. de, Note sur les dépots
Quaternaires et les récifs soulevés du Nouvelles-Hébrides:
Soc. géol. France Bull,, v. 8, p. 63-66.

Twenty-five generic and specific identifications of
mollusks are reported from elevated limestone on Efate;
age probably Quaternary but possibly Pliocene. Nine-
teen mollusks are listed from similar limestones on
Eromanga.

1946. Abrard, René, Fossiles Néogénes et Quaternaires des Nou-
velles-Hébrides: Annales de paléontologie, v. 32, 112
p.. 5 pls.

Detailed and well-illustrated report on large collec-
tions of mollusks (126 species) and other fossils made by
E. A de La Riie from Miocene and later rocks at
Malekula, Epi, Efate, and Eromanga. Close ties estab-
lished to Miocene of Tiji.

F1J1

1880. Woods, J. E. T., On some fossils from Levuka, Viti:
Linnean Soc. New South Wales Proc., v. 4, p. 358-359.

Several fossils, including mollusks, said to have been
collected from the center of Ovalau, exact locality un-
known. No specific identifications were made, but some
of the mollusks were compared with Miocene species
of Australasia. The fossils were imbedded in clay and
sandy clay. [No rock of this type has been reported
from Ovalau. and it seems probable that the material
was collected from the marls of nearby Viti Levu.
HS.L.]

1898. Dall, W. H., in Agassiz, Alexander, The Tertiary elevated
limestone reefs of Fiji: Am. Jour. Sci., 4th ser., v. 6,
p. 165.

Contains identification of examples of 10 still-living
genera of mollusks. Expresses the belief that the rock
is probably vounger than Focene, possibly Miocene or
Pliocene.

1900. David, T. W. E.. Preface to geological report by E. C.
Andrews: Harvard Coll. Mus. Comp. Zoology Bull, v. 38.
p. 5-10.

Mentions occurrence of large T'ridacna in conglomerate
exposed at Walu Bay on Viti Levu that suggests an
age not older than late Tertiary.

CHITONS AND GASTROPODS FROM WESTERN PACIFIC ISLANDS

1903. Woolnough, W. G., The continental origin of Fiji: Linnean
Soc. New South Wales Proc., v. 28, p. 457-540.

1907. Woolnough, W. G., A contribution to the geology of Viti
Levu, Fiji: Linnean Soc. New South Wales Proc., v.
32, p. 433-474.

Though Woolnough collected no specifically identifi-
able fossil mollusks, he records the occurrence of frag-
mentary shells of Conus and Pecten, believed to be
Tertiary, at localities in the then little known interior
of Viti Levu. [These clues led later workers to well-
preserved molluscan faunas. H.S.L.]

1903. Guppy, H. B., Vanua Levu, v. 1, of Observations of a

naturalist in the Pacific between 1896 and 1899: Mac-
millan and Co., 392 p.

Generic identification given for pelecypods in shell
bed elevated a few feet above the sea, in limestones and
in tuffs, some of the tuffs now lying more than 2000
feet above sea level.

Foye, W. G., Geological observations in Fiji: Am. Acad.
Arts and Sci. Proc, v. 54, no. 1, p. 1-142.

On page 86 there is a list of 15 generic identifications
of molusks as made by Paul Bartsch; the genera are
common tropical forms, each being followed by a query;
Foye collected the material from three localities on
Viti Levu.

1918.

. Mansfield, W. C., Fossils from quarries near Suva, Viti
Levu, Fiji Islands * * * with annotated bibliography of
the geology of the Fiji Islands: Carnegie Inst. Wash-
ington Pub. 344, p. 85-104.

Description of 4 gastropods and 14 pelecypods (in-
cluding 3 new species). Tertiary age suggested, prob-
ably late Miocene or early Pliocene.

Matley. C. A., and Davies, A. M., Some observations on
the geology of Viti Levu: Geol. Mag. [Great Britain],
v. 64, no. 752, p. 65-75.

Includes description of supposed f{resh-water clam,
Nodularia wvitiensis Davies, from the marls above
Nasongo; beds probably Tertiary, possibly Miocene.

1927.

Davies, A. M., Fossils from Viti Levu: Geol. Mag. [Great
Britainl, v. 67, no. 787, p. 48.

Molds of bivalves from near Nasongo, referred in
1927 (Matley and Davies) to the fresh water clam
Nodularia, are reassigned to marine Mactracea.

1930.

1934. Ladd, H. S, i Ladd and others, Geology of Vitilevu,

Fiji: B. P. Bishop Mus. Bull. 119, 263 p.

One hundred and twenty-two mollusks (53 pelecypods,
3 scaphopods, 1 chiton, and 65 gastropods), most of which
were collected during reconnaissance surveys in 1926
and 1928. are described and most of them figured; they
are from beds ranging in age from Miocene to Recent.
Brief discussion of paleoecological conditions.

1945. Ladd. H. 8., n Ladd and Hoffmeister, J. E., Geology of
Lau, Fiji: B. P. Bishop Mus. Bull. 181, 399 p.

Seventy-six mollusks, half pelecypods and half gastro-
pods, most of them collected during a reconnaissance
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survey in 1934, are described and many figured; they
are from beds ranging in age from Miocene to Pleisto-
cene. Brief discussion of paleoecological conditions (by
Ladd and Hoffmeister).

1959. Charig, A. J., in Bartholomew, R, W., Geology of the Lau-
toka area north-west Viti Levu: Suva, Fiji, Geol. Survey
Dept. Bull. 2, 25 p., geol. map.

Sixteen mollusks, 3 pelecypods and 13 gastropods, are
identified by A. J. Charig and C. P. Nuttall (p. 18-19)
from two localities in bedded tuffaceous sediments
mapped as part of the Sambeto series. Twelve fossils are
identified with still-living species, three others are com-
pared with such forms. Only one species appears to
represent, an extinct species though several are known
to occur as fossils in the Pliocene or later. A Pliocene
age 1s thought probable, a late Miocene age possible.

1960. Ibbotson, Peter, Geology of the Suva area, Viti Levu:

Suva, Fiji Geol. Survey Dept. Bull. 4, 47 p., geol. map.

Detailed report on quarter-degree sheet in south-
eastern Viti Levu that inecludes many of the late Ter-
tiary localities in the Suva Formation that have yielded
fossil mollusks. Identifications of Mansfield (1926),
Davies (1927, 1930), and Ladd (1934) are listed.

1960. Bartholomew, R. W., Geology of the Nandi area, western
Viti Levu: Suva, Fiji Geol. Survey Dept. Bull. 7, 27 p.,

geol. map.

A list of fossils identified by L. R. Cox in 1954 (p. 11)
includes six molluscan generic determinations,

1961. Ibbotson, Peter, Geology of Ovalau, Moturiki and Nain-
gani: Suva, Fiji Geol. Survey Dept, Bull. 9, p. 1-7,

geol. map.

Quotes in full, Tenison-Woods’ brief report of 1897,
pointing out that it is the only report on fossiliferous
material from Ovalau.

1963. Charig, A. J., The gastropod genus Thatcheria and its re-
lationships: British Mus. (Nat. History) Bull.. Geol.

v. 7, no. 9, p. 257-297,

Includes description of Thatcheria vitiensis from
tuffaceous marl of Vanua Levu Formation on Vanua
Levu; age probably early Pliocene.

1963. Rickard. M. J., The geology of the Mbalevuto area: Suva.

Fiji Geol. Survey Dept. Bull. 11, 36 p., geol. map.

Includes references (p. 30-33) to mollusks, identified
by H. 8. Ladd, from the Singatoka, Suva, and Mba
series of upper Tertiary area.

Ladd, H. 8., Tertiary fresh-water fossils from Pacific
islands: Malacologia v. 2, no. 2, p. 189-198.

1965.

Includes description of a species of Melanoides from
beds formed in mangrove swamp on Viti Levu in late
Tertiary time,

TONGA

1926. Mansfield. W. C., Fossils from * * * Vavao, Tonga Islands

* % *: Carnegie Inst. Washington Pub. 344, p. 85-104.
Three mollusks, one identified with a living species

and one related to a living form, are listed, and a post-
Tertiary age is suggested.

1932. Hoffmeister, J. E., Geology of Eua, Tonga: B. P. Bishop
Mus. Bull. 96, 93 p.

Records the occurrence of the nautiloid Aturia (p.
33) in bedded volcanic tuffs believed to be Miocene in
age.

1935. Ostergaard, J. M., Recent and fossil marine Mollusca of
Tongatabu: B. P. Bishop Mus. Bull. 131, 59 p.

A total of 39 fossil mollusks (26 gastropods and 13
pelecypods) from Tongatabu and Vavau are identified
with Recent species. Limestones containing fossils be-
‘lieved to be late Pleistocene in age.

1941. Miller, A. K., An Aturia from the Tonga Islands of the
central Pacific: Jour. Paleontology, v. 15, no. 4, p.
429-431.

Specimen collected by J. E. Hoffmeister from tuffs,
believed to be Miocene, is described and figured as
Aturia of. A. aturt (Basterot).

COLLECTIONS

Most of the collections on which the present study is
based were made by U.S. Geological Survey personnel;
| others were loaned for study by museums and other in-
stitutions. All important sources are given below:

Palau.—Most of the Palau material was collected by
H. S. Ladd in 1958; other collections had been made
earlier by several Geological Survey geologists, par-
ticularly in 1948 by a party headed by the late Arnold
Mason.

Mariana Islands—The largest collections of megafos-
sils from any of the islands under consideration were
made from Guam by the Pacific Islands Engineers under
contract with the U.S. Navy in 1946-50; supplementary
collections from Guam were made by a Geological Survey
field party under the leadership of J. I. Tracey, Jr., in
1951-54 and by H. 8. Ladd in 1958. Most of the Saipan
material was collected by a Geological Survey field party
headed by P. E. Cloud, Jr., in 1948-49, and minor addi-
tions were made by H. S. Ladd in 1958. The few fossil
mollusks that have been obtained from Tinian were col-
lected by the late Josiah Bridge in 1946 and by Cloud in
i 1949, both of the Geological Survey.

Marshall Islands—Cores and cuttings were obtained
fromi drill holes on Eniwetok and Bikini Atolls between
1947 and 1952.

Ellice Islands.-—Cores and cuttings from drill holes
obtained by the British on Funafuti Atoll between 1896
and 1898 (David and others, 1904). Material was bor-
rowed from the British Museum (Natural History), the
Australian Museum in Sydney, and the Museum of Com-
parative Zoology at Harvard.

New Hebrides—Small collections were made by H. T.
Stearns of the Geological Survey in 1943; some material
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was borrowed from M. R. Abrard of the Museum Na-
tional d’Histoire Naturelle in Paris.

Fiji—The collections of larger mollusks described by
Ladd in 1934 and 1945 have been supplemented by un-
described larger mollusks from Viti Levu collected by
Ladd in 1934 and by micromolluscan material not previ-
ously described. Additional material collected in recent
years has been furnished by the Geological Survey De-
partment in Fiji and by William Briggs of the U.S.
Geological Survey who visited Viti Levu in 1962.

Tonga—A few Tertiary mollusks were collected by
J. E. Hoffmeister in 1926 and 1928; post-Tertiary mate-
rial was collected by J. Ostergaard in 1926 and was
loaned by the Bernice P. Bishop Museum in Honolulu.

The largest molluscan collections are those from Eni-
wetok, Guam, and Fiji, in that order. The Eniwetok
collections from drill holes are rich in well-preserved
micromollusks. Those from Guam and Fiji are outcrop
samples, and many of them are molds or calcite casts;
they are comparatively poor in micromollusks.
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GEOLOGY
STRATIGRAPHY

Detailed studies in recent years have greatly increased
our knowledge of the Cenozoic sections in several of the
island groups under consideration. In the Pacific Basin
proper, a standard section has been established from
results of deep drilling in the Marshall Islands (deseribed
in the numerous chapters of U.S. Geol. Survey Prof.
Paper 260, especially Emery and others, 1954; Cole,
1958; Todd and Low, 1960; Ladd and Schlanger, 1960;
Schlanger, 1963). Outside the basin, in the Mariana
Islands (Cloud and others, 1956; Doan and others, 1960;
Tracey and others, 1964); in Palau, (Mason and others,
1956} ; and in Fiji, (bulletins published by Geol. Survey
Dept. of Fiji, including: Bartholomew, 1959, 1960;
Houtz, 1959, 1960, 1963; Ibbotson, 1960, 1962; Rickard,
1963; Houtz and Phillips 1963 ; also Cole, 1960) ; detailed
mapping and paleontological studies have established
similar sections. In the Ellice Islands, in the New
Hebrides, and in Tonga, available information is much
less complete.

Each of the seven island groups has a section of
Quaternary limestones and all except Funafuti in the
Ellice group are known to have a Tertiary sequence as
well. The known Tertiary in all groups, except that in
the New Hebrides, extends downward into the Eocene.
No Paleocenc has been reported from any of the island
groups.

The subdivisions of the Tertiary are based on the sys-
tem developed for the East Indies by van der Vlerk and
Umbgrove (1927). By using larger Foraminifera, the
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TaBLE 1. —Distribution of Cenozoic sediments in the island area

[ X, present; question mark indicates uncertain identification]

Marshall Islands Mariana Islands Fiji
Tonga
Indo- Eniwetok Bikini Ellice Guam Saipan Tinian | Palau New Viti Lau
nesial Hebrides Levu
Recent X X X X X X X X X X X
Quaternary
Pleistocene X X X X X X X X X
h Pliocene X X X ? X X X X X
Upper
Upper [’} Miocene X X X ? X X X X X
Y v ?
Tertiary f Lower X X X X X X X
. Miocene % % X X X X X X
d
Oligocene
Lower ¢ x? x? X X
Tertiary
b X [ X X X | x X X
— Kocene :
a? X {

1 Some workers (Bemmelen, 1949, p. 88) place part of Tertiary g into the Pliocene with Tertiary h.
2 Occurrence of Tertiary a based on smaller Foraminifera on Sylvania Guyot adjoining Bikini (Hamilton and Rex, 1959).

Tertiary sequence was subdivided into six units, desig-
nated by the letters a—f. Later, two younger stages g
and h were added (Leopold and van der Vlerk, 1931;
table 1, this paper). This classification has proved to be
exceedingly useful in the western Pacific island groups.

In the atoll groups (Marshall and Ellice Islands), the
sedimentary rocks consist of reef limestone and dolomit-
ized limestone. Similar limestones occur in the high
island groups along with a variety of terrestrial and
marine tuffs and coarser volcanic sediments. The
Cenozoic sedimentary rocks are known to rest on voleanic
rocks in most areas. In the Ellice Islands, no volcanic
rocks are exposed nor have they been reached by the
drill, but seismic evidence suggests such a foundation at
a depth of about 1,800 feet (Gaskell and Swallow, 1953,
p. 3). In Fiji (McDougall, 1963) and Tonga (Guest,
1959, p. 3), plutonic rocks are known; their presence
records more complex histories than in other island
groups. The Tongan plutonic rocks are thought to be of
pre-Tertiary age.

Fossils from the section established by deep drilling
in the Marshall Islands have been studied by several
workers; their findings have been published as chapters
of U.S. Geological Survey Professional Paper 260. The
major divisions recognized are shown in table 2. With
slight modification, this is the arrangement given by Cole
(1958, p. 745).

EQCENE

The only known occurrence of lower Eocene (Tertiary
a) sediments in the island area is the phosphatized

Globigerina ooze described by Hamilton and Rex (1959)
from the top of Sylvania Guyot adjacent to Bikini. The
ooze contained no mollusks.

Limestones of late Eocene age (Tertiary b) are widely
known in Eniwetok, the Marianas, Palau, Fiji, and
Tonga. Mollusks oceur in some of these limestones, but
they are rare, and in many places they are poorly pre-
served; none from the families here treated has been
specifically identified. In Fiji and Tonga the limestones
have yielded diagnostic larger Foraminifera, but no other
identifiable fossils. In Palau, numerous fragments of an
upper Eocene limestone containing larger Foraminifera,
algae, and unidentifiable mollusks occur in a voleanic
breceia. In the Mariana Islands, upper Eocene rocks have
yielded a considerable variety of fossils, including
Foraminifera, radiolarians, discoasters, algae—and in

TaBLE 2—M ajor stratigraphic subdivisions recognized in
holes dvilled in the Marshall Islands

Eniwetok Bikini
Stratigruphic divisions Depth Depth
(feet) (feet)
Post-Miocene 0-615 0-700
Upper Miocene Tertiary g 615-860 "700—980
Tertiary f 860-1,080 980-1,166
Lower Miocene
Tertiary e 1,080-2,780 1,166-2,556 +
Upper Eocene Tertiary b 2,780-4,610
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some places fragmentary and poorly preserved mollusks
have been found. In the Marshall Islands, some Eocene
mollusks have been recovered from deep holes on Eni-
wetok. These include poorly preserved bivalves (Arca
and Pecten), but most are the molds of minute gastro-
pods, including turbinids and cyclostrematids, that are
not identifiable.

OLIGOCENE

Limestones containing larger Foraminifera diagnostic
of the lower Oligocene of the Indonesian section (Tertiary
c¢) have been found in Fiji and in Guam (Cole 1960,
1963). The beds containing these fossils are restricted in
their distribution and to date (1965) have yielded no
identifiable mollusks. Some of the limestones on Guam
that contained Oligocene larger Foraminifera also yielded
an assemblage of smaller Foraminifera that is definitely
early Oligocene (Tertiary ¢) in age (Ruth Todd, oral
commun., 1963).

The section drilled in the Marshall Islands includes
beds containing smaller Foraminifera that may repre-
sent the lower Oligocene (Tertiary ¢) but the corre-
lation is questionable (Todd and Low, 1960). In drill
holes F-1 and E-1 on Eniwetok, there is an interval of
about 100 feet (2,687-2,780 ft) that Cole (1958, p. 745,
748) labeled “unknown” because it yielded no diagnostic
larger Foraminifera. Above this interval the beds con-
tain lower Miocene Foraminifera (Tertiary e) and below
they contain upper Eocene species (Tertiary b). Along
with the smaller Foraminifera that are suggestive of the
lower Oligocene, the questionable beds yielded three
specimens of Rissotna ailinana Ladd, n. sp., a species
that oceurs in some Tertiary e samples in both Eniwetok
and Bikini. Also recovered were nine specimens (from
four samples) of a well-preserved Miocene Ampullina,
described from East Borneo by Beets (1941) as Globu-
laria berauensis! Because of the occurrence of these
mollusks, I have tentatively assigned the unknown inter-
val to the Miocene.

No beds that would represent the upper Oligocene
(Tertiary d) have been found in any of the island groups
here considered. The Fina-sisu Formation of Saipan,
previously assigned to the late Oligocene (Todd and
others, 1954) on the basis of smaller Foraminifera, is now
regarded as early Miocene in age (Ruth Todd, oral
commun., 1963).

MIOCENE

A\I.iocene sedimentary roeks have been recognized in all
the 1sland groups except in the Ellice Islands. In the
Eniwetok drill holes, shallow-water lagoonal limestones

1 Mr. Beets kindly checked the identification of this s ecies b i
an Eniwetok shell with his type in the museum in Leicll)em v comparing

PACIFIC ISLANDS

exceed 2,000 feet (table 2). All three major subdivisions
of the Miocene (Tertiary e, f, and g} are represented, but
the section is not complete, inasmuch as a solution uncon-
formity appears at the top of Tertiary e (Schlanger, 1963,
p. 995). Miocene reef limestones are also found in Palau.
The total section exceeds 750 feet, but some parts may
be younger than Miocene (Cole, 1950; Mason and others,
1956, p. 55-59). In at least two areas in Palau the
Miocene includes thin tuffaceous limestone and marl
that are here assigned to the upper Miocene (Tertiary g).
On Saipan and Tinian in the Mariana Islands, the lower
Miocene {Tertiary e) limestones are 750 to nearly 1,000
feet in maximum thickness and include some tuffaceous
facies (Cloud and others, 1956, p. 62-77; Doan and
others, 1960, p. 60-62). Tertiary e rocks on Guam exceed
2,000 feet, but most of the sequence consists of volcanie
flows and breccias. Although some of the included lime-
stones are of shallow-water origin, Globigerina-rich sedi-
ments, of deeper water origin, are present. On Guam the
Tertiary e rocks are overlain by several hundred feet of
younger limestones; some of these are definitely of Ter-
tiary f age, others may be Tertiary ¢g. (Tracey and others,
1964). In Fiji the Miocene sequence is dominantly vol-
canic. It consists of many thousands of feet of agglomer-
ates, tuffs, and marls, some water laid, together with a
variety of igneous rocks. Limestones of shallow-water
origin are at least 200 feet thick in some areas. Miocene
rocks of comparable types have been reported from the
less well known New Hebrides (Mawson, 1905; Abrard,
1946). In Tonga the known Miocene is thin; it consists
of a series of voleanic tuffs totaling 200-300 feet in thick-
ness (Hoffimeister, 1932, p. 30, 33).

POST-MIOCENE

In the island area it is difficult, if not impossible, to
recognize age boundaries in the post-Miocene sediments.
Diagnostie larger Foraminifera which are so useful in
subdividing the Miocene and older Tertiary beds have
not been found. Other organisms, especially planktonic
smaller Foraminifera, discoasters, and radiolarians, offer
great promise, but these organisms are not everywhere
present, and their geologic distribution in the islands has
not yet been adequately determined. Mollusks, even
where well preserved and abundant, are of limited use-
fulness in determining exact post-Miocene ages.

In the Marshall Island drill holes, the top of the
Miocene has been agreed upon by those who have studied
the Foraminifera from cores and cuttings. The post-
Miocene section ranges from 510 to 700 feet in thickness,
but it has not been subdivided accurately (Cole 1958, p.
745; Todd and Low, 1960, p. 802, 807). These limestone
beds thought to be mostly lagoonal, have not yielded
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asseiblages of discoasters or radiolarians. The smaller
Foraminifera in the elevated post-Miocene reef lime-
stones of Fiji, Tonga, and Palau, are preserved mostly as
unidentifiable molds, as are those in most of the Quater-
nary sediments drilled on Funafuti. The post-Tertiary
limestene of the Mariana Islands contains both larger
and smaller Foraminifera, but no extinet species are in-
cluded and hence no exact stratigraphic boundaries are
indicated. Some of the clevated limestones of the New
Hebrides contain molluscan species previously reported
from the Pliocene of Java (Abrard and La Rile, 1937).

PLIOCENE

The Pliocene-Pleistocene boundary is perhaps the most
difficult Cenozoic boundary to recognize in the island
area. Environmental conditions in the tropical islands
scemn to have been little affected by the onset of glaciation
in other parts of the world, and no eclear stratigraphic
break appears.

In coves of deep-sea sediments containing layers of ice-
rafted materials, the earliest of these can be taken as the
base of the Plelstocene, and correlations with other deep-
sea sections can be made on the basis of wide-ranging
Foraminifera or other planktonic organisms. Eventually
a system of this sort may be successfully applied to some
of the sediments of the island area.

PLEISTOCENE AND RECENT

In the absence of definitive paleontologic evidence, it
s not possible to recognize Pleistocene beds with cer-
tainty, though suggestive physiographie evidence has
been called upon in several areas. In the Bikini drill
holes, three rock units above 294 feet, characterized by
distinctive species of still-living smaller Foraminifera,
seem to be related to present physiographic features.
These rock units are thought to represent three late
stages of reef growth, probably separated by two periods
of emergence representing Pleistocene shifts in sea level
(Emery and others, 1954, p. 2, 75, 132-133).

On Saipan, the name Mariana was applied to lime-
stones now as much as 500 feet above cxisting sea level
and the name Tanapag to limestones below 100 feet. The
Mariana includes reef and lagoonal deposits, whereas the
Tanapag represents rock of an elevated fringing reef.
The Mariana was assigned an early, and the Tanapag a
younger, Pleistocene age. These interpretations are sup-
ported by a period of faulting that intervened between
the benching of the Mariana and the deposition of the
Tanapag. Carbon-14 analyses of the Tanapag seem to
support the postulated younger Pleistocene age (Cloud
and others, 1956, p. 2, 79-80, 87). On Guam, the Mariana
Limestone yielded no diagnostie larger Foraminifera but
was assigned a Pleistocene, or possibly Recent, age (Cole,
1963, p. E1, E10).

In eastern Fiji (Lau), the Fulanga Limestone is com-
posed of elevated veneers of reef limestone, occurs on
two or three islands, and has been referred tentatively
to the Pleistocene. Paleontologically it yielded two pre-
viously undeseribed echinoids, a new decapod crustacean,
and a few species of still-living mollusks. Among the
mollusks are gpecies that no longer live in Fiji. The pre-
ceding data suggest an appreciable age for the Fulanga,
but they do not elearly indicate Pleistocene. That inter-
pretation was based almost entirely on field evidence
(Ladd and others, 1945, p. 267, 313, 322, 380).

CORRELATION

Age determinations and correlations involving major
stratigraphic units in the several island groups are based
on the letter classification established for Indonesia (van
der Vlerk and Umbgrove, 1927; Leopold and van der
Vierk, 1931). No attempt is made to tie these Indonesian
units to the stages of the standard European sequences.
Efforts of this sort have been made, but most such efforts
have been regarded as tentative, even by their proposers
(Glaessner, 1943, 1959; Todd and others, 1954; Cloud,
1956; Eames and others, 1962). The exact ages (by the
Indonesian letter system) of some of the Tertiary units
in the islands are in question because of conflicting inter-
pretations of faunal evidence, notably that of the larger
versus the smaller Foraminifera. These differences are
still being discussed vigorously. (Cole and others, 1960;
Glaessner, 1960; Eames and others, 1962). The mollusks,
whieh rarely oecur in beds with diagnostic Foraminifera,
are not deeply involved with questions of exact correla-
tion. The correlations shown in table 3 are based more
heavily on evidence from the larger Foraminifera than
on that of other groups of fossils. It is recognized, how-
ever, that eventually the evidence of such mobile plank-
tonic groups as some of the smaller Foraminifera, the
Radiolaria (Riedel, 1959), and especially the discoasters
(Bramlette and Riedel, 1954) may offer modified, and
perhaps sounder, correlations. Boundaries and units that
are questionable are so marked in table 3, and it should,
perhaps, be repeated that the exact ages of all post-
Miocene units in the island area are debatable.

PALEONTOLOGY

GEOGRAPHIC AND GEOLOGIC DISTRIBUTION
OF SPECIES

The geographic distribution of all the species treated
is shown in table 4. The Marshall Island faunas are the
richest, and more than half of the total number of named
forms are recorded from Eniwetok alone. Fiji ranks
second in number, Palau a poor third. Faunas from the
other island groups are smaller but none of these areas,
except the Mariana Islands, has been adequately col-
lected.
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The geologie distribution of species is shown in table
5. The numbers of named species from each of two stages
of the Miocene (Tertiary f and g) exceed those recorded
from all other divisions of the Cenozoic.

PALEOECOLOGY

Many of the Cenozoic sediments that crop out on the
islands, or have been reached by the drilt below sea level,
are Hmestones that were formed in shallow water on
reefs or in adjacent lagoons. Such sediments dominate
in the scetions drilled below the three atolls—Eniwetok,
Bikini, and Funafuti. Similar reef limestones crop out
extensively in the Mariana Islands, in Palau, and in
castern Fiji. At Eniwetok and in the Mariana TIslands,
the shallow-water lmestones occur with off-reef lime-
stones that appear to have been accumulated in somewhat
deeper water, the indicated depths being not less than
100 fathoms (Todd, 1957, p. 271; Todd and Low 1960,
p. 812-815; Schlanger 1963, p. 999-1002). Among the
high islands, particularly in Fiji and the New Hebrides,
are thick secuences of tuffs and marls, many of which
were deposited in marine water. Globigerina-rich beds in
these sections point to water of at least moderate depths,
but lentieular masses of shallow-water limestones are
included between them. Such assoclations raise many
problems that have not, as yet, been satisfactorily solved.
On most istands, both lateral and vertical changes in
facies are abrupt and even repetitious. Paleoecological
interpretations of a given fossiliferous bed can be made
without great difficulty but the environmental history
recorded by sequence of appreciable thickness is much
more complieated.

Mollusks occur in most of the kinds of rocks mentioned
above but the spcecies deseribed in the present report were
all derived from shallow-water deposits that formed on
reefs, reef flats, shore platforms, and in lagoons adjacent
to reefs. This report deals with the scanty record left
by the chitons, and the fuller records of 15 families of
gastropods. Taken together, the fossils represent only
about one-sixth of the collections available, and hence
full paleoccological interpretations are not attempted at
this time.

In Palau, the thick sections of ecavernous rock that
form the Palau Limestone of southern Babelthuap and
the numcrous islunds that lie to the south are of veef
origin. Mollusks are abundant in the Palau, but most of
them are unidentifiable molds of common reef types,
including trochids and turbinids. Locally, however, at
the baze of the Palau, tuffaceous and marty beds carry
a rich molluscan fauna of late Miocene (Tertiary g) age.
On the Goikul Peninsula of southeast Babelthuap, a thin
wedge of marl Hes between the Airai Lignite and a thick

seetion of eavernous Palau Limestone. Around the penin-
sula today there is a broad shore platform bordered by
mangrove swamps. This flat is nearly awash at low tide
and is partly covered by waving eel grass. Shore-flat
mollusks are abundant. Apparently, conditions were
similar during the late Miocene. Many bedding planes
in the marls are crossed by carbonaceous stripes, thought
to represent eel grass, and the same genera of shallow-
water mollusks are common, though the species are dif-
ferent. All but 2 of the 18 Palauan mollusks described
in the present report were obtained from the marl on the
Goikul Peninsula.

In the Mariana Islands, particularly on Saipan and
Guam, Cenozoic reef-associated limestones and certain
Globigerina-rich sediments that suggest deeper waters
have heen mapped and studied in detail. Paleoecological
interpretations, based in large part on the distribution
of Foraminifera, have been offered (Todd and others,
1954, p. 677; Cloud and others, 1956, p. 68, 80-81, 86-88;
Hanzawa, 1957, p. 33-34; Todd, 1957, p. 265, 273-283;
Cole, 1963, p. E11-E12).

Mollusks left a meager fossil record on Saipan, par-
ticularly as to the kinds considered in the present report.
Mollusk collections from Guam are larger and more
varied, but most of those here described are types com-
monly found near the reef edge or on the reef flat. Col-
lecting localities on Guam are concentrated in the waist
of the island where the several facies of the Mariana
Limestone are widely exposed. This same area is notably
poor in Foraminifera, because many of these organisms
lived in moderate to fairly deep water.

The limestone sections drilled beneath Eniwetok and
Bikini in the Marshall Islands are all reef associated.
Many of the highly fossiliferous beds, especially those
rich in mollusks, appear to have been deposited in
lagoons, but other environments—reef wall, open shoal,
and off-reef deposits—are also found. Paleoecological
interpretations have been summarized and graphically
portrayed by Schlanger (1963, p. 998-1001).

Of particular interest is a thick zone that roughly en-
compasses the beds assigned to Tertiary ¢ and f. This
zone was found in all the deep holes drilled on Eniwetok
and Bikini. The section, referred to by Schlanger (1963,
p. 1000} as the “Coral-mollusk-rich zone,” apparently
never was raised above the sea to be leached and re-
crystallized. Its fossils are almost perfectly preserved,
many mollusk shells even retaining traces of their original
color patterns. The beds are unconsolidated and core
recovery was difficult, but rich concentrations of mollusks
were obtained in some core runs. The cored material
appeared to be far richer in mollusk shells than any sedi-
ments dredged from the floors of the existing lagoons.
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TaBLE 4—Geographic distribution of spectes

i i ipi Eniwetok | Bikini | Funafuti New Fij)i | Tonga
Species Palau Guam ancsla’}‘r‘i);ﬁan ™ Hebrides

Schizochitonidae:
Schizochiton incisus goikulensis Ladd. n. subsp
marshallensis Ladd, n. sp
Loricella sp. A________________________________________ T

Chitonidae:
Luciling russelli Ladd, n.sp____________________ _____________

sp.

sp. B.

Acanthochitonidae :
Acanthochitona sp
Cryptoplar of. C. menkrawi,

Haliotidae:
Haliotis (Padollus) ovena Gwmelin. ___ _____ ___ Do S E T e e ] DL T T T SR EEP

cf. H. clathrala Reeve. X
turuthaensis Ladd._._____

Scissurellidae:
Scissurella (Scissurella) declinans Watson
(Scissurella) coronata Watson____ ___
(Anatoma) equatoria Hedley ______________________________

Fissurellidae:
Emarginula (Emarginula) bicancellata NMontrouzier______ | ______|_______ |-t x| X e
(Emarginula) of. E. peasei (Thiele)

aff, E. clypeus A, Adams______

(Subzeidora) souverbiana Pilsbry__
(Subzeidora) sp

sp. B I XL

[T

Hemitoma (Hemitoma) sp__________ . ________ A e X el
(Montfortia) bikiniensis Ladd, n, sp_
(Montfortia) sp. A. .. __________.__
(Montfortista) excentrica (Iredale)
Rimula exquisita A, Adams__________

o

[

Patellidae:
Patella (Sculellastra) stellaeformis Reeve_ ___ ___________
Cellana aft. C. sagittata (Gould)

Trochidae:
Euchelus (Euchelus) of, E. quadricarinatus (Dillwyn)__
(Herpetopoma) instrictus (Gould)__.__________ . __
(Herpetopoma) instrictus suvaensis Ladd, n. subsp -
(Vaceuchelus) angulatus Pease_ _ . ______________
(Vaceuchelus) sp. A_ . _________.___________________ "

Hybochelus cancellatus orientalis Pilsbry_. __________
kavoricus Ladd_..________________
Thalotia (Thalotia) berauensis (Beets)___
(Thalotia) aff. T. elongatus (Wood) -
(Beraua) sp-._ ... _____._________

Turcica (Perrinia) morrisoni Ladd, n.sp.______
Gibbula (Gibbula) engebiensis Ladd, n. sp_ ___
Fossarina (Minopa) hoffmeisteri Ladd, n. sp_-
Astele (Callistele) engebiensis Ladd, n. sp___
Trochus (Trochus) maculatus Linnaeus____
(Trochus) histrio (Reeve)... ... _____ 0 O\ TITpTT o b DT T e LTI LTI X |
incrassatus Lamarck__
tubiferus Kiener_ _ __ _______________ . ________________

'
[

Clanculus (Clanculus) clanguloides fjiensis Ladd
Tectus (Tectus) maurilianus (Gmelin
(Tectus) pyramis (Born). ______

cf. 7. bomasensis (Martin) _ _ _
(Rochia) niloticus (Linnaeus) _ __________________________~

Isanda (Parminolia) apicina (Gowld)_._ . ____ _____________
Monilea (Monilea) mateana Ladd____ _
(Monilea) marshallensis Ladd, n. sp
lifuana Fischer_ _________ __

beleher! (Philippt) . ____ . _______________

Stomatellidae:
Pseudostomatella (Pseudostomatella) maculata (Quoy and Gaimard)
Stomatia ¢f. S. phymotis Helbling__ . ________" .
Synaptocochlen concinna (Gould)_ ... __
rosacea (Pease)______ ___ _
lekalekana (Ladd)
marshallensis Ladd, n.sp________________________ """

Angariidae: . y
Angaria delphinus (Linnaeus) . ______________________________ L 2 U I N A ISR R G
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Species

Turbinidae:

Astraea (Astraliund) rhodostoma (Lawarck)_ ___________________

(Astralium) aff. A. rhodostoma (Lamarck)._ _
eniwetokensis Ladd, n.sp.___________
waluensis Tadd, n. sp_____
sp. Ao .
sp. B
sp. Cooo_ . ___

(Bellastraea) sp. D __

(Bellastrara) sp. B

(Vitiastraea) holmesi ladd, n.sp._____ . _ .. ____

Arene (Arene) metaltilana Tadd, n.sp__ .. ________ __

(Avene) sp. A _ . _______.___
Liotina (Austroliotia) of. L. botanica (Hedley) _
(Dentarene) loculosa (Gould) .. ___ _.
(DentareneY sp. A_ ... __._

sp. B .

Turbo (Turbo) petholatus linnaeus_ . _ _ . _ [
(T urbo) petholatus thanus lLadd._ -
(Marmarostoma) chrysostomus linnaens__ I
(Marmarostoma) argyrostomus Tinnaeus_. I

sefosus Gmelin?____________ . _______

crassus Wood _ _ .
perlatus Abrard._

Leptothyra maculosa (Pease)
inepta (Gould)_ _ .. __
harlani Ladd, n. sp__
aff. L. laeta Montruzier

aff. L. candida (Pease)_ . . . _ . _____ ... ____ _____ ...

balnearii Pilsbry . _____ .
wellst Ladd, n.sp__________________
glareosa marshallensis L.add, n. subsp_
picta (Pease) . ____________________
emenana Ladd, n. sp.

8D, A

Phasianellidae:

Phasianella sp_. . ___ ... ___._.__

Jabrielona raunana Tadd, n, sp._
Tricolia (Hiloa) variabilis (Pease)
(Hiloa) sp. A ______.____

Neritopsidae:

Neritopsis (Neritopsis) radula Tinnaeus_ ___ . ______ ____________

Neritidae:
Nerita (Amphinerita) insculpta Recluz_ ____
(Amphinerita) afi. N. polita Linnaeus__

(Ritena) palauensis Ladd, n. sp_________

(Ritena) afi. N. undata Linnaeus___

(Theliostyla) sp. A_ .

sp.
Neritina (Vilta) oualaniensis Lesson__
Clithon (Clithon) corona (Linnaeus)__

Neritilia traceyt Ladd_ . . _ .. ______ . _______ ... ...

Nmaragdia (Smaragdia) jogjacartensis (Nartin)__ __________ -
(Smaragdia) aff. 8. rangiana (Recluz)
colei Ladd, n.sp__ ... ________

[Littorinidae: )
Tectarius (Nubditotectarius) rehderi Tadd, n. sp

Iravadiidae:

Iraradia gardnerae Ladd, n.sp_ . ______________ __._________

Rissoidae:

Putilla (Pseudosetia) morana lLadd, n. sp_________ __ . ____._.__

(Parvisetia) goikulensis Ladd, n. sp__
(Parvisetia) suraensis Tadd, n.sp___ ____
Cingula (Peringiella) parryensis Ladd, n. sp.

(Peringiella) of. (. roseocincta (Suter). . __

Amphithalmus (Cerostraca) jeffcoati Tadd, n.sp_.__
(Cerostraca?) myersi Yadd, n.sp.._.__________ _
(Pisinna) bikiniensis Ladd, n. sp__

Alrania (Taramellia) corayi Ladd, n. sp_
(Taramellia) kenneyi T.add, n. sp

Merelina (Merelina) pisinna (Melvill and Standen)
(Linsmera) telkibana Tadd, n. sp
Parashiela beetsi Tadd, n, sp__ ______________________

Palau

Tonga

IR

X
X
X
X

|
0
'

X XX

X
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TAaBLE 4 —Geographic distribution of species—Continued

Species Palau Guam Saipin Eniwetok | Bikini | Funafuti New Fiji | Tonga
and Tinian Hebrides
Rissoidae—Continued
Zebina (C'ibdezebinag) metaltilana Ladd, n. sp_______ X
(Morchiella) cof. Z. cooperi (Oliver)_ X
(Morchiella) killeblebana Ladd, n. s X
(Ailinzebina) abrard: l.add, n. sp X

?sp. A
Rissoina (Schwartziella) gracilis (Pease)_ . _______________\._______
(Sehwartziella) afl. R, flexuosa Goul

aff. R. indrai Beets__

mejilana Ladd, n. sp

Jirtkana Ladd, n. sp_

rilebana T.add, n. sp___
(Zebinella) emmnanana Ladd,
(Zebinella) tenuistriata Pease_ _
aff. R. supracostata Garrett_
(Phosinella) clathrata A. Adams__

(Phosinella) briggsi Ladd. n, sp
balteata Pease_ _ __
bikiniensis L.add, n
transenna Watson_
alexisi Ladd, n.sp___._____

Rissoina (Rissoina) abbotti Ladd, n. sp
(Rissotna) mijana Ladd, n. sp
aflinana Ladd, n. sp_
lomaloana Ladd, n. sp_
gotkulensis Ladd, n. sp

waluensis Ladd, n. sp._
ekkanana ladd, n. sp
ambigua Gould
ambigua parryensis La
concinna A. Adams_.__________

sp. A
(Rissolina) turricula Pease
(Rissolina) marshallensis Ladd., n. sp____

ephamille Watson_________________

kickarayana Ladd, n. sp

herringt Ladd, n. sp
harti Ladd, n. sp
bourneae Ladd, n. sp__
plicata A. Adams_____

Assimineidae: . )
Assiminea nitida eniwetokensis Ladd, n. sul sp

Adeorbidae:
Haplocochlias sp. A_ . _.
Leucorhynchia caledonica “Crosse.
crossel Tryon______
? stephensoni Ladd
U Ladd, . Sp. - o L e

Lophocochlias minutissimus (Pilsbry)
paucicarinatus Ladd, n. sp
Munditiella qualum (Hedley). _ .
parryensis Ladd, n.sp____________________
Teinostoma (Esmeralda) engebiense ladd, n. sp
(Esmemgia) marshallense Ladd, n. sp_______

sp

? sp
Lydiphnis eniwetokense Ladd n. sp.
Cyclostremiscus emeryt Ladd, n. sp
(Ponocyclus) novemearinatus (Melvill)- -
(Ponocyclus) cingulifera (A. Adams)____
Cochliolepis diangalana Ladd, n. sp
Vitrinella sp. A__

Total of 208 occurrences__.____________

47

The thousands of feet of reef-associated limestones
that underlie Eniwetok and Bikini do not record slow
and continuous subsidence. On the contrary, as Schlanger
(1963) has shown, the section is interrupted by “solution
unconformities” that record periods when the atolls stood
above the sea as high islands, and their limestones were
leached and recrystallized. This interpretation
strengthened by the occurrence of spores and pollen that

is

indicate a richer and more varied flora during part of the
Miocene than is found in the area today (E. B. Leopold,
unpub. data). It is strengthened, likewise, by the occur-
rence of high-island fossil land shells of the genus
Ptychodon at both Eniwetok and Bikini (Ladd, 1958)
and by the oceurrence of fresh- and brackish-water mol-
lusks—Neritilia and Gyraulus—in the Miocene beds
beneath Bikini, an area where no such animals live
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today. When it stood above the sea, Bikini evidently
contained both fresh- and brackish-water pools near sea
level, as do many elevated limestone islands today
(Ladd, 1965).

Shallow-water mollusks occur in normal abundance in
the reef limestones that lie beneath Funafuti Atoll, but
because much of the rock that was drilled is leached,
recrystallized, or dolomitized, shells are poorly pre-
served. Only cight mollusks from Funafuti are named
in this report, and half of these are small forms recovered
from the unaltered sands obtained at depths of less than
100 feet. None of the mollusks was found in the parts of
the section that yielded Cycloclypeus. According to the
interpretation of Grimsdale (1952), the limestones con-
taining this foraminifer were deposited under open-sea
conditions on a reef talus slope or a submerged bank,

I have not visited the New Hebrides and have no first-
hand information about the fossil associations in the
sediments of those islands. From all accounts, the ex-
posed rock sections are similar to those of Fiji: Mioecene
marls with ineluded shallow-water limestones that con-
tain many of the mollusks and brachiopods that have
been recorded from Viti Levu (Abrard, 1946), and ter-
raced reef limestones of post-Miocene age appear to be
similar to thoxe of eastern Fiji (Lau).

An attempt to interpret the ccological conditions under
which the several types of fossiliferous sediments of Viti
Levu, Fiji, were accumulated was made by Ladd in 1934
(in Ladd and others, 1934, p. 87-97), and a similar dis-
cussion on the sediments of eastern Fiji (Lau) was made
by Ladd and Hoffmeister in 1945 (in Ladd, Hoffmeister,
and others, 1945, p. 260-264). These discussions could
be somewhat amplified now (1965), but a full analysis
depends on complete studies of other groups of mollusks.
Two short papers involving Fijian paleoecology have
heen written since the two general discussions mentioned
above were published. G. F. Elliott described the first
fossil example of the deepwater brachiopod Abyssothyris
which was collected from limestones in the upper Tertiary
(Elliott in Muir-Wood
1960, p. 256). Additional speeimens of this rare brach-
iopod have sinee heen colleeted by William Briggs of the
U.S. Geological Survey and by others of the Geological
Survey Department of Fiji from the marls that enclose
the Suva Limestone. Heinz Lowenstam of the California
Institute of Technologoy is making analyses of the shell
substance in an attempt to determine the temperature—
and hence the depth—under which the brachiopod may
have lived.

In a recent paper I (1965) reinterpreted the Suva beds
that yielded the river snail Clithon corona Linnaeus as
a reef flat or shore platform. T also deseribed an unusual

Suva Series near Suva, Fiji.
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upper Tertiary deposit from northern Viti Levu that
appears to have been laid down in the fresh or slightly
brackish waters of a coastal swamp or bog. The deposit
contains numerous examples of a fresh-water snail,
Melanoides, with lignitic material and the pollen and
spores of land plants, including mangrove.

The only Tertiary mollusk that has been described
from Tonga is a nautiloid collected by Hoffmeister
(1932) from bedded tuffs on the island of Eua that are
probably Miocene in age (Miller 1941). Quaternary
mollusks collected on Tongatabu and elsewhere by Oster-
gaard (1935) were obtained from elevated reef limestones
that are probably Pleistocene in age. None of the 14
specics identified in the present report is extinct. The
abundant forms are trochids and turbinids that live
today on reefs in the same area.

FAUNAL RELATIONS

A full diseussion of this subject, like that of paleoecol-
ogy, must await the completion of studies of other groups
of mollusks, but it is possible, at this time, to consider
briefly certain relationships that are suggested by the
group of more than 200 species described in the present
report.

The assemblages of fossil mollusks from the island
area are clearly Indo-Pacific in general aspect, the strong-
est discernible ties being with the living and fossil faunas
of tropical Indonesia rather than with faunas from more
southerly areas (south Australia and New Zealand) or
more northerly areas (the Ryukyu Tslands and Japan).
Most biogeographers, including those concerned with
marine mollusks, have recognized this relationship and
have supported the conventional interpretation that
Indonesia is the center of dispersal and that there is a
gradual attenuation in numbers of species from Indonesia
eastward and north eastward into the open Pacific (Hed-
ley, 1899a, p. 397-401; 1899b; Edmondson, 1940, p. 598;
Ekman, 1953, p. 18; Solem, 1958, p. 18).

One of the objections to this theory of origin and dis-
persal is the fact that the prevailing winds, the storm
winds, and the strongest ocean currents all trend from
the island area toward Indonesia, rather than away from
it. Consequently, some workers have postulated -cir-
cultous routes of migration, and T have suggested that
much of the traffic may have been in the opposite direc-
tion. The known geologteal history of the area indicates
that during the Tertiary many more reef and island
stepping stones were available in the western Pacific
than are there now (Hamilton, 1956), and it would have
heen much easier for many marine animals to make their
way from Hawaii in the central Pacific to Indonesia
(Ladd, 1960; Durham, 1963, p. 356). Hawaii is not
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TasLE 5—Geologic distribution of species

Tertiary
Quaternary
e ! g h
Species
<
8
@ [ < 153
PP Py g 3 = w
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Schizochitonidae:
Schizochiton incisus goikulensis Liadd, n. subsp
marshallensis Tadd, n. sp..._____________
Loricella sp. A _ e

Chitonidae:
Luculina russelli Ladd, n.sp_ . . . _________________________ ——

Acanthochitonidae:
Acanthochitona sp_____ .. .______ el N,

Cryptoplar cf. C. menkrawitensis Beets___________________________________ ——
SD. A e ————— - - -~ ——
sp. Bl mmam  w—— oo ——
S - o e
Haliotidae:
Haliotis (Padollus) ovina Gmelin_ ___ B mmens | mmane | me— - - - ——
cf. H. clathrata Reeve.__ !
tuvuthaensis Ladd_ ... [N S
) S memne 7 e——
Scissurellidae:
Scissurella (Scissurella) declinans Watson. . ... ... .. .| 1 ——— o mmmm e

(Scissurella) coronata Watson___.__ -
(Anatoma) equatoria Hedley - .- _ . ___________________________

Tissurellidae: .
Emarginula (Emarginula) bicancellata Montrovzier_ ________________________
(Emarginula) cf. E. peasei (Thiele)
aft. E. clypeus A, Adams______
(Subzeidora) souverbiana Pilsbry
(Subzeidora) sp. A_ .. ... __.
8. B e

Hemitoma (Hemitoma) SP- - - . o _______._._
(Montfortia) bikiniensis Ladd, n.sp ____________________ -
(Montfortia) sp. A _ o e e -
(Montfortista) excentrica (Iredale).___ . ____________.____ -

Rimula exquisita A, Adams__ __ . ________________ .

Scutus (Nannoscutum) sp. A . .
(Nannoscutum) sp. B____.__._____._____
Diodora (Elegidion) marshallensts Ladd, n. sp-
(E'Iegidizxz) afl. D. granifera (Pease).____

SD. A e

Patellidae:
Patella (Scutellasira) stellaeformis Reeve___________________.____
Cellana gAﬁ . C. sagittata (Gould)

Trochidae:

Euchelus (Euchelus) cf. E. quadricarinatus (Dillwyn)_ . ____________________
(Herpetopoma) instrictus (Gould) _________________
(Herpetopoma) instrictus suvaensis Ladd, n. subsp._ _ -
(Vaceuchelus) angulatus Pease. . ___ . ____.__._____ ol —— oo oo ——
(Vaceuchelus) sp. A . o .

Hybochelus cancellatus orientalis Pilsbvy - ___ ____________ . ______________
kavoricus Ladd_ .. ______________ - ———
T'halotia (Thalotia) berauensis (Beets)___ .
(Thalotia) aff. T. elongatus (Wood) . ~
(Beraua) Sp. - oo oL ———

Tureica (Perrinia) morrisony Vadd, n.sp_ . . ___._____. RN SN DU PROSUU RS U
Gibbula (Gibbula) engebiensis Ladd, n.sp.. .- _._.___..___ -
Fossarina (Minopa) hoffmeisteri Ladd. n. sp____._._______.__ _
Astele (Callistele) engebiensis Ladd, n.sp_ _______.________________ _
Trochus (Trochus) maculatus Linnaeus__.__________________ _ ! —

(Trochus) hisirio (Reeve). _ - | — e e mm e o | e
incrassatus Lamarck. -

tubiferus Kiemer_ . ________________ . _____________________.

Clanculus (Clanculus) clanguloides fijiensis Ladd_ . ___ . ____ . ____________.___
Tectus (Tectus) mauritianus (Gmelin)y
(Tertus) pyramis (Born)

ef. T. bomasensis (Martin) _
(Rorhia) niloticus (Linnaeus) - _ _ _____ ________________________________ —

Isanda (Parminolia) apicina (Gould)_ ____________

Monilea (Monilea) mateana Ladd______

(Monilea) marshallensis Ladd, n. sp
lifuana Fischer_ . _________________

belchert (Philippd) _ __ _ . -




PALEONTOLOGY

TasLe 5—Geologic distribution of species—Continued

17

Tertiary

Species

Quaternary

Lower

Miocene

Upper
Miocene

Pliocene
Pleistocene

Recent

Living

Stomatellidae:
Pseudostomatella (Pseudostomatella) maculata (Quoy and Gaimard)
Stomatia cf. S. phymotis Helbling
Synaptocochlea concinna (Gould)_ _

Angariidae:
Angaria delphinus (Linnaeus)__________ R

Turbinidae:
Astraea (Astralium) rhodostoma (Lamarck)__ ______________________________
(Astralium) aff. 4. rhodostoma (Lamarck)___________
eniwetokensis Ladd, n.sp. _____ o
waluensis Ladd, n. sp_ _
SD. Aol lTTTT

sp.
(Bellastraea) sp. D_

(Bellastraea) sp. E__________

(Vitiastraea) hotmesi Ladd, n.sp. .. _________________________~_"7°°""

Arene (Arene) metaltilana Ladd, n. sp__ _____________________
(Arene)y sp. A _ ____________________.__
Liotina (Austroliotia) cf. L. botanica (Hedley) .
(Dentarene) loculosa (Gould) . ________
(Dentarene) sp. A________ .. _____________________________.

sp. B
Turbo (Turbo) petholatus Linnaeus_ _
(Turbo) petholatus thanus Ladd_ . ____ _
(Marmaroestoma) chrysostomus Linnaeus
(Marmarostoma) argyrostomus Linnaeus__________________

Leptothyra macwlosa (Pease)_____________________________________________

inepta (Gould)__ _____
harlant Ladd, n. sp.___
aff. L. laeta Montrouzier_
aff. L. candida (Pease)_
balnearii Pilsbry_ __________________________ T

wellsi Ladd, n.spo__________ . ______________

glareosa marshallensis Ladd, n. sp_
picta (Pease)_ _ _______________
emenana Ladd, n. sp_

sP- Al

Phasianellidae:
Phasianella sp..____________ N
Gabrielona raunana Ladd, n. sp____
Tricolia (Hiloa) variabilis (Pease)._ _

(Hiloa) sp. A

Neritopsidae:
Neritopsis (Neritopsis) radula Linnaeus _ __ . _________

Neritidae:

Nerita (Amphinerita) insculpta Recluz_____________ ____________
(Amphinerita) aff. N. polita Linnaeus.
(Ritena) palauensis Ladd, n. sp___._._
(Ritena) aff. N. undata Linneaus

Smaragdia (Smaragdia) jogjacartensis (Martin)

(Smaragdia) aff. S. rangiana (Recluz)
colei Ladd, n. sp

Littorinidae:
Tectarius (Subditotectarius) rehderi Ladd, n. sp

Iravadiidae:
Iravadia gardnerae Ladd, n. sp
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TaBLE 5—Geologic distribution of species—Continued

Tertiar;
Y Quaternary

Species

Lower
Miocene
Upper
Miocene
Pliocene
Pleistocene
Recent
Living

Rissoidae:
Putilla (Pseudosetia) morana Ladd, n. sp_ ... ______________________
(Parvisetia) gotkulensis Ladd, n. sp.__
suvaensis Ladd, n.sp.____________
Cingula (Peringiella) parryensts Ladd, n. sp_ - ... ___.______________ .
(Peringrella) of. C. roseocincia (Suter) ________________________________| | | —— oo

Amphithalmus (Cerostraca) jeffcoats Ladd, n. Sp___ | ————— — | ___
(Cerostraca?) myersi Ladd, n. sp____________________________________"
(Pisinna) bikinvensis Ladd, n.sp. .. - ______________________________ ——

Alvania (Taramellia) corayi Ladd, n.sp___________________________________
(Taramellia) kenneyi Ladd, n.sp--- ... )L

Merelina (Merelina) pisinna (Melvill and Standen)__ | | ——— e || ——
(Linemeray) telkibana Y.add, n.sp. . _________________________________

Parashiela beetsi Ladd, n. sp- . __ .. ___________ .. ——

Zebina (Cibdezebina) metaltilana Yadd, n.sp__________________________
(Morchiella) cf. Z. cooperi (Oliver)_ ______
(Morchiella) killeblebana Ladd, n. sp_.
(Ailinzebina) abrardi Ladd, n. sp...__
2 ep. A .

Rissoina (Schwartziella) gracilis (Pease)__________________________________
(Sechwartziella) aff. R. flexuosa Gould. __ __

aff, R. indrai Beets. _._________ -

mejilana Ladd, n. sp

Jirtkana Ladd, n. sp

rilebana Ladd, n. sp_ .. ___ .. ______________________. .
(Zebinella) emnanana Ladd, n. sp
(Zebinella) tenuisiriata Pease . _ .. ______ o

aff. R. supracostata Garrett________
(Phosinella) clathrata A. Adams. _.______________________________ " | eee— - e o o - | ——— e e oo ———

(Phosinella) briggsi Ladd, n.sp_ - . ___________________________.____
balteata Pease_ _ _________.____
bikiniensis Ladd, n. sp
transenna Watson_____
alexist Ladd, n.sp-- .. ____________.____________

(Rissoina) abbotti Ladd, n. sp_. .. _.______________
(Rissoina) mijana Ladd, n. sp_
atlinana Ladd, n.sp_____
lomaloana Ladd, n. sp.
gotkulensis Ladd, n. s

waluensis Ladd, n.sp__ . _____________________________________
ekkanana Ladd, n. sp__
ambigua Gould_ .. .______________
ambigua parryensis Ladd, n. subsp. .
concinna A, Adams_ .. .| —— e—— e m | | ——

8P A . ——
(Rissolina) turricula Pease_________

(Rissolina) marshallensis Ladd, n. sp
ephamilla Watson_____________
kickarayana Tadd, n. sp

herringi Yadd, nosp____________________________________
harti Ladd, n. sp._____

bourneae Ladd, n. sp
plicata A. Adams. _ _

Assimineidae:
Assiminea nitida eniwetokensis Ladd, n. subsp

Adeorbidae:
Haplocochlias sp. A___ ____________________.__
Leucorhynchia caledonica Crosse

crosset Tryon_ .. __________
? stephensont Ladd, n. sp.
? Ll Ladd, n. sp

Lophocochlias minutissimus (Pilsbry)
paucicarinatus Ladd, n. sp
Munditiella qualum (Hedley)_..________ ______ ([ [ITTTTITTTTIOTTU MRS | S——
parryensts Ladd, n. s
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TaBLe 5.—Geologic distribution of spectes—Continued

Tertiary
Quaternary
. e f g
Species
&
@ @ @ 4
-] e = S -
5 8 58 g 5 § g
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= A =] A A~ ~ |
Cyclostremiscus emeryi Ladd, n. Sp_ - - | o— n——— | —— e = |« oo e——
(Ponocyclus) novemearinatus (Melvill) .o _ ______________________ . | esmm—m e o - o oo oo | oo e | n——
(Ponocyclus) cingulifera (A. Adams) ol —— e o o | e e e | ——
Cochliolepis diangalana Ladd, n. sp____________________________________.__
-------------------------------------------------------- eem—— (- - <= mmm | e e [ e e Lo o - - ———

Vitrinella sp. A

included in the present study, but geological evidence
suggests that the group may have been in existence since
Cretaceous time (Ladd, 1961, p. 714-715; Menard and
Hamilton, 1963, p. 203; Durham, 1963 p. 358). In this
connection it should be noted that shallow-water mol-
tusks, perhaps of Miocene age, recently have been
dredged from a depth of 500-520 meters off the island of
Oahu in Hawaii (Menard and others, 1962). The present
study offers no decisive evidence on the important ques-
tions of origin and migration, but the past and present
distribution patterns of some of the mollusks provide
evidence, as shown below.

Many mollusks that live today in the island area have
been there since late Tertiary time. A total of 33 such
species are listed in table 6. Twenty five of these were
recovered from deep drill holes in the Marshall Islands
and 11 from outcrops in Fiji. Table 6 also shows the
distribution of a few Indo-Pacific species that no longer
live in the island area though they were there during the
Tertiary. The island-area species that now live in In-
donesia and the Indian Ocean are more numerous than
those that now live in the Ryukyu Islands and Japan.

Not listed in table 6 are numerous living Indo-
Pacific species that had close relatives, some of which
perhaps were ancestral, in the island area during the late
Tertiary. Such relationships are noted in the discussions
of individual species in the systematic section. Several
of these may be significant. The presence in the upper
Miocene of Bikini of a species of the neritid Pisulina,
which has a characteristically large median tooth, ex-
tends the range of that genus geographically as well as
geologically. Pisulina has been known previously only
from a few species living near India and Ceylon. An
even greater geographic gap separates the single lower
Miocene ('ynisca of Eniwetok from a half dozen Recent
species, all of which live today at the extreme western

end of the Indo-Pacific, off the Cape of Good Hope, South
Africa. -

The reef chiton Schizochiton, which has extraordinary
large eyes, is another genus not previously reported as a
fossil. Representatives lived on Eniwetok during the
Miocene (Tertiary e and ¢g) and in Palau (Tertiary g).
The genus lives today in the Philippines, Shouten
Islands, and northern Australia. On the basis of avail-
able information, it can be regarded as a genus that
started in the island area and migrated to the southwest
where it has persisted.

Evidence of the type given above is suggestive but cer-
tainty not conclusive. If more were known about the
Tertiary of Indonesia, India, and South Africa, it might
be discovered that the genera cited were living in those
places as well as in the island area during the Miocene.

Suggestive evidence of another sort is found in the
occurrence of Haplocochlias in the upper Miocene of
Eniwetok. This genus, not previously reported as fossil,
is known only from the waters off Baja California, from
the southern tip of the peninsula to Bahia Magdalena
175 miles to the northwest. An eastward migration from
the Marshalls to the west coast of North America is diffi-
cult to explain even with the help of the Equatorial
Counter Current. Two species of Arene have also been
found in the Miocene of Bikini. This group is West
Indian where it has been represented from the Miocene
to Recent. More information is needed on the geological
and geographieal distribution of the rare genera Haplo-
cochlias and Arene.

Some ties between the island-area fossil faunas and
those described from the upper Tertiary of Indonesia
have been recognized. Thalotia berauensis described by
Beets (1941, p. 13) from the upper Miocene of East
Borneo occurs in the lower Miocene (Tertiary f) of
Eniwetok. The lower Miocene Topochau Limestone of
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TasLE 6.—Living Indo-Pacific mollusks that also occur in upper Tertiary sediments of island area

Living Upper Tertiary

Indonesia
Indian and Ryukyu
Ocean northern and
Australia Japan

Marshall
Islands

Mariana
Islands

Island
area

New Fiji
Hebrides

Species Palau

Scissurella (Scissurella) declinans Watson_ ________|________ X
Rimula exquisita A. Adams_____________________|._______ X X
Euchelus (Herpetopoma) instrictus (Gould)_ - _____ | __ i ______._ X
(Vaceuchelus) angulatus Pease_ ______________ X X
Turcica (Perrinia) morrisont Ladd, n. sp__________

Fossarina (Minopa) hoffmeisteri Ladd, n. sp______ |________
Trochus (Trochus) maculatus Linnaeus____________ X X
(Trochus) histrio (Reeve)_ __________________
Isanda (Parminolia) apicina (Gould)_____________
Pseudostomatelle (Pseudostomatella) maculala
(Quoy & Gaimard). ___________________ [ P X

X X XXXX XXXXX

Synaptocochlea rosacea (Pease)__________________ | _______\_______ | _______
Angaria delphinus (Linnaeus) - ________________ s X X
Liotina (Dentarene) cycloma Tomlin_ . ____________|________[________ X
Turbo (Turbo) petholatus Linnaeus_ ______________ X X X
X
X

(Marmarostoma) chrysostomus
Linnaeuws__ . __________________ ___________

(Marmarostoma) argyrostomus Linnaeus_____ _ X X

Leptothyra maculosa (Pease)_..__________________| | _______|____.___
balnearii Pilsbry . _________________________
glareosa marshallensis Ladd, n. sp____________

X

X

X

X

X

X
Nerilopsis (Neritopsts) radula Linnaeus_______ . ___ X X X X
Nerita (A mphinerita) insculpta Recluz___________ X X X
Clithon (Clithon) corona (Linnaeus)_______.________ X X
Merelina (Merelina) pisinna (Melvill and Standen) _|_______ | _____| _._____ X
Zebina (Ctblezebina) metaltilana Ladd, n.sp__.____|________|________|._______ X
(Ailinzebina) abrards Ladd, n. sp - __________ | _______|________|_______. X
X

X

X

X

X

X

X

X

X

X

Rissotna (Zebinella) tenuistriata Pease_ - - ______ | __ | _____{._______
(Phosinella) clathrata A. Adams______________ X X
balteata Pease_ - ___ || ...
transenna Watson_ .. ___________________|________\________|._______
(Rissolina) turricula Pease____ ____ _________ X
ephamilla Watson______________________

plicata A, Adams______________________ X
Lophocochlias minutissimus (Pilsbry) . __________ | _______| _______|._______
Solariorbis tricarinata (Melvill and Standen)_______|_______ | ____ | _______
Cyc?ﬁs)tremiscus (Ponocyclus) novemcarinatus (Mel-
vill) . __ X

Saipan yielded a poorly preserved Thalotia referred to
the subgenus Beraua, which was established by Beets
(1941, p. 14) for T. erinaceus from the same Borneo beds.
The Saipan shell closely resembles Bects’ type species.
The Borneo beds and the lower Miocene of Eniwetok
also have in common the Recent species Cyclostremiscus
novemcarinatus (Melvill), and an Eniwetok lower
Miocene rissoid seems closely related to Beets’ Rissoina
indrai. A chiton described hy Beets as Cryptoplax
menkrawitensis has a close relative in the Miocene of
Fiji.

The neritid described by Martin from the lower
Miocene of Java as Nerttina jogjacartensis is a Smaragdia
that occurs throughout the Miocene under Eniwetok and
in the upper Miocene of Palau. Another of Martin's

lower Miocene Java species, Tectus bomasensts, may be
identical with a species from the Miocene of Fiji. Several
still-living species are common to the upper Tertiary of
the island area and Indonesia.

SYSTEMATIC PALEONTOLOGY

The systematic order followed is, in general, that used
in “Indo-Pacific Mollusca” under the editorship of R. T.
Abbott (1959); this arrangement, in turn, is based on
Thiele (1929-31) and Wenz (1938-44). An exception is
made for the chitons. They are considered before the
gastropods rather than after them, and the systematic
order given in the “Treatise on Invertebrate Paleontol-
ogy” is followed (Smith, 1960).

Drill-hole specimens taken from cores are so identified;
all other drill-hole specimens were picked from cuttings.
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Depths of many cuttings samples have becen rounded to
the nearest foot.

The following new subgenera are proposed:

Vitiastraea, subgenus of Astraea, Turbinidae.
Type: Tectarius rehdert Ladd, n. sp.
Suva Formation, lower Miocene (Tertiary f1, Fiji,
page 45. Gender feminine.
Subditotectarius, subgenus of Tectarius, Littorinidae.
Type: Tectarius rehderi Ladd, n. sp.
lower Mliocene (Tertiary f), Bikini, Marshall
Islands, page 59. Gender masculine.
Ailinzebina, subgenus of Zebina, Rissoidae.
Type: Zebina abrardi Ladd, n. sp.
Recent.  Bikini, Marshall  Islands,
Gender feminine.

One-third of the 75 new species and subspecies de-
seribed are represented by only 1 or 2 specimens. Of
these 25 poorly represented forms, 2 are from Palau, 2
from Fiji, and the balance from drill holes in the Marshall
Islands. Future collecting in Palau and Fiji may yield
additional specimens of rare species, but there is little
prospect of additional drilling in the Marshall Islands.
The rare Marshall Tsland species can be looked for, how-
cver, when reef drilling is undertaken in Hawaii or
another part of Polynesia.

page 65,

CHITONS

Most chitons are rock clingers and are found most
abundantly on rocky shores, They are not limited to
such shores, however; even along beach coasts they may
find some sort of hard surface—such as the shell of a
dead oyster-—to which they may adhere.

As a group, the chitons of the existing seas are par-
ticularly abundant in the Australian region where some
200 species have been identified. In that area also, fossil
forms have been deseribed from upper Tertiary and
Pleistoeene beds.

Many recf-cneireled islands in the Pacifie offer favor-
able niches for chitons. Chitons may be particularly
uhundant in the nips that are developed at high-tide level
along most Hniestone coasts, and they may also be found
o1 blocks of reef rock on reef fluts. Coral itself is not a
chotee buse because most chitous feed on vegetation.
Hull (1925, p. 12}, in working on the Great Barrier Reef,
found that only carnivorous species of Cryptoplaz,
Nchizochiton, and some species of Acanthochitona are to
he expected on living coral. Some of these chitons are
specializerl forms adapted to living in hLoles or erevices
in coral. Only a single spectmen of one of the three
genera mentioned by Hull was collected from the Recent
fauna in the Marshall Islands during the investigations
of 1945-46 (a Cryptoplar found between tide levels on
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Eniwetok), but representatives of all three genera were
recovered from the Tertiary sections drilled in the Mar-
shall Islands. In addition, a Cryptoplar was collected
from the Miocene reef and reef-flat deposits in Fiji and
Palau; the Palau deposits also yielded Schizochiton.

No fossil chitons were obtained in the Mariana or the
New Hebrides Islands, and only a single undetermined
valve has come from Tonga. The Marshall Island drill
holes and the marly upper Tertiary deposits of Palau and
Fiji yielded the most specimens. In addition to the de-
seribed material, a total of 26 undetermined specimens
were obtained in the island area.

Order NEOLORICATA
Family SCHIZOCHITONIDAE

Genus SCHIZOCHITON Gray
Gray, 1847, Zool. Soc. London Proc., p. 65, 68, 169.

Type (by monotypy): Chiton incisus
Philippines, Torres Straits, northeast Australia.

Schizochiton includes elongate chitons characterized
by a deep fissure in the tail valve and by the develop-
ment of lines of prominent ocelli on all valves. On reefs
they live in protected spots, under blocks, or in crevices
in dead coral.

Sowerby.

Schizochiton incisus goikulensis Ladd, n. subsp.
Plate 1, figures 1-3

Tail valve large, thick; dorsal ridge flattened, lateral
pleural areas gently concave, lateral posterior areas tri-
costate; entire surface covered by strong slightly flat-
tened ribs that are distinetly narrower than the flattened
areas between; ribs tend to parallel anterior margin of
lateral pleural areas but follow a zigzag course, best
developed on the left side; 22 ribs on right side, 21 on
left. Lateral-posterior areas less strongly ribbed than
lateral pleural areas, those of the left side more irregu-
larly angled than those on the right; 15 ribs are dis-
tinguishable on right side, 19 on left; large eyepits present
where ribs meet diagonal costae of lateral-pleural areas.
Deeply ‘excavated caudal sinus with pustulose surface
leads to prominent muero; on sides of sinus the pustules
arc roughly alined in rows. Interior of valve smooth
near center, irregularly ridged at sides; sinus broadly
V-shaped with low rounded projections into apex of V;
sutural plates broad and regular; posterior insertion
plates cut by three prominent slits on each side; teeth
stout, distinetly crenulated outside.

Measurements of valve (holotype), USNM 648208:
length 10.0 mm, width 9.6 mm, convexity 4.5 mm.

The above description is based on a single well-pre-
served specimen. It has been compared with specimens
of the Recent S. incisus Sowerby (Sowerby, 1841, p. 61;
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Pilsbry, 1892, p. 235-236, pl. 51, figs. 1-8) from the
nearby Philippines and Schouten Islands. The fossil is
larger and has a greater number of ribs and an unusually
well developed pustulose surface in the caudal sinus.

Occurrence: Marl facies at base of the Miocene (Ter-
tiary g} Palau Limestone (USGS 21301), near village of
Goikul, Babelthuap, Patau.

Schizochiton marshallensis Ladd, n. sp.
Plate 1, figures 4-9

Head valve with six prominent lines of close-set ocelli;
each of two outermost rows having about 20 pits each,
the inner four rows with about 30 each; surface between
rows marked by close-sct zigzag ridges separated by
grooves of about the same width. In the single worn
specimen, the ridges form a series of chevrons between
each two rows of ocelli, the angle formed by the ridges,
pointing forward.

Intermediate valves beaked, lateral areas narrow and
slightly elevated, separated from central area by a strong
diagonal bearing a dozen or more ocelli; surface of entire
valve crossed by flattened more or less zigzag ridges that
on most specimiens are much narrower than the spaces
separating them; dorsal ridge broadly rounded having
flattened longitudinal ridges that meet with the ridges
of the central area to enclose irregular and diamond-
shaped depressions. On valves believed to represent sec-
ond valves, the flattened ridges of the central area extend
only one-third to one-half way to the main dorsal ridge
hefore mceting a scries of longitudinal ridges to form a
diamondback pattern; insertion plates with single slit.

Tail valve large, thick; dorsal ridge rounded; lateral
pleural arcas concave; lateral posterior areas with 4
prominent ocelli-bearing costae on the right side and 4
or 5 on left; insertion plates with 4 prominent slits on
cach side; sculpture similar to that of other valves; flat-
tened ribs on lateral pleural areas range from 14 to 20;
surface of caudal sinus rough with traces of chevron-
shaped ridge pattern pointing toward mucro.

AMeasurements of the types tin mm)

Length Width  Converity

Holotype

(a tail valve, E-1, Eniwetok,

870-880 ft), USNM 648209 ______ 8.2 78 4.6
Paratype A

(a head valve, F-1, Eniwetok,

740-750 ft), USNM 648210 ______ 5.5 5.7 3.0
Paratype B

(a sccond valve, F-1, Eniwetok,

750-760 ft), USNM 648211 ______ 72 64 3.9
Paratype C

(a second valve, 2A, Bikini,

1,030-1,034 ft) USNM 648212 ____ 31 — —

CHITONS AND GASTROPODS FROM WESTERN PACIFIC ISLANDS

Meas rements of the tyvpes (in mm)—Continued

Length Width Convexity

Paratype D

(an intermediate valve,

E-1, Eniwetok,

830-840 ft). USNM 648213 ______ 41 4.0 14
Paratype E

(an intermediate valve,

2A, Bikini,

893-899 ft), USNM 648214 ______ 3.3 — —

1 Tncomplete.

S. marshallensis differs from the Recent S. tncisus
Sowerby and the new subspecies S. incisus gotkulensis
by having four or five posterior ridges on each side of the
posterior valve. S. incisus gotkulensis does not show-the
chevron-shaped ridge pattern in the caudal sinus ex-
hibited by 8. marshallensis and by some specimens of
N. incisus. The Recent S. polyps Iredale and Hull has a
jugum that is smooth or nearly so.

Occurrence: Nineteen separate valves, believed to
represent a single species, were recovered from cuttings
from the three deep holes on Eniwetok and one of the
deep holes on Bikini. The youngest specimen, from a
Jepth of 660-670 feet, is in beds assigned to Tertiary g,
and the oldest, from a depth of 2,610-2,620 feet, is in
beds referred to Tertiary e. The valves are rare, and only
twice were two specimens found in a single sample. The
stout tail valves show the most diagnostic features, and
a total of seven such valves were recovered; one of these,
from a depth of 870-880 feet in drill hole E-1 on Eniwe-
tok, is the holotype. Only one head valve was found,
paratype A, depth 740-750 feet in hole F-1 on Eni-
wetok. The remaining 11 specimens are intermediate
valves, 3 heing No. 2 valves showing the jugum.

Genus LORICELLA Pilsbry
Pilsbry, 1892, Manual Conchology. v. 14, p. 288.

Type (by monotypy): Lorica angasi H. Adams (in
Adams, H. and Angas, G. F., 1864, Zool. Soc. London
Proc., p. 193). Recent, Australia.

Loricella sp. A
Plate 1, figures 10-12

Head valve broadly arched, nearly twice as wide as
long; insertion plate narrow, pectinate, cut by 10 slits.
Upper surface of valve smooth near median apex; re-
mainder of surface with 13 radial rows of beads; the
heads elongated parallel to anterior margin of valve;
heads in row next to posterior margin on each side rise
from a moderately strong rib. Measurements of the fig-
ured head valve (F-1, 55-60 ft), USNM 648215: length
1.6 mm, width 2.8 mm, convexity 1.1 mm.

Intermediate valve highly arched and slightly beaked;
jugum smooth; remainder of valve crossed by 14 ribs on
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caen side, the 3 ribs nearest the jugum being smaller than
the others; lateral arcas each with 4 diagonal ribs, the
anterior and posterior ones larger than the others and
bearing obscure occlli on the beads formed by the cross-
ing of the vertical ribs. On the single fossil available, the
insertion plates are not preserved. Measurements of the
figured intermediate valve (E-1, 35-40 ft), USNM
648216: Jength (minus ingertion plates) 2.0 nun, width 3.6
mm, convexity 1.5 nun.

The fossils do not appear to be closely related to de-
seribed gpecies, but they may be immature and a specific
name is withheld. The species may be still living in the
Marshall Islands, though no specimens have yet been
collected. The genus is widely known from the Australia-
Indonesia area but appears not to have been previously
reported from the islands of the open Pacifie,

Occurrence: One head valve and one intermediate valve
from drill hole E-1 on Eniwetok Atoll at depth of 35-40
feet and one head valve from F-1 at depth of 55-60 feet;
age, Recent.

Family CHITONIDAE
Genus LUCILINA Dall

Dall, 1882, U.S. Nath, Mus. Proc., 4, p. 284, 287, (= Lucia Gould,
1862, Boston Soc. Nat. History Proc., v. 8, p. 283; [not]
Swainson, 1833).

Type (by monotypy): Chiton confossus Gould. Re-
cent, Fiji,

Lucilina russelli Ladd, n. sp.

Plate 1, figures 13-15

Tail valve small, moderately arched, thick; mucro
prominent, lying dircetly above the posterior edge of the
valve; profile below and above muero gently convex;
sinus wide, its flat bottom pectinated; anterior insertion
plates broadly rounded, their outer edges pectinated
above; posterior insertion plates short, thick, inclined
forward, strongly grooved outside and cut hy numerous
(about 16) slits. In front of a broad ridge extending
from the muero to the anterior corners, the surface bears
numerous slightly curved vertical riblets; surface pos-
terior to ridge microscopically punctate with scattered
larger pits that represent ocelli; obscure elevated hori-
zontal lines eross the post mueral area.

Measurements of the holotype (only specimen),
USNDM 648217: Iength 4.1 mum, width 6.2 mm, convexity
2.7 m,

The Eniwetok fossil is very closely related to the
Recent L. confossus (Gould) (USNM 30763), but the
Recent shell does not show the vertical riblets on the
anterior part of the valve that are so well developed on
the fossil; the Recent shell likewise has a stronger ridge
from muecro to the anterior corners.
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Occurrence: Drill hole K1-B on Eniwetok Atoll at a
depth of 537-548 feet; age, probably Pliocene.

Lucilina sp. A
Plate 1, figure 16

Tail valve small, gently arched, moderately thick;
mucro about one-third the length from the posterior
margin; area behind broadly convex, surface in front
nearly flat; bottom of sinus pectinated; posterior inser-
tion plates short, inclined forward, strongly grooved
outside, and cut by numerous slits. A narrow and promi-
nent ridge extends from the muero to the anterior
corners; ahead of the ridge the jugum is smooth, but the
remainder of the central area bears an irregular series of

' pitted grooves that are best developed near the anterior

margin; low clevated lines cross the entire central area
parallel to the anterior margin of the valve. Posterior
to the muero the surface is smooth except for scattered
ocelli and obscure elevated lines that parallel the pos-
terior margin,

Measurements of the figured specimen, USNM 648219:
tength (insertion plates missing) 2.1 nun, width 3.9 mm,
convexity 1.2 mun,

This species superficially resembles L. confossus
(Gould), but its well-developed pitted grooves are not
found on the Recent shell. Luecilina sp. A differs from
L. russelli in having more widely spaced vertical grooves
and a more prominent ridge from muero to the anterior
corners. The single specimen is incomplete, and a spe-
cific name is withheld.

Occurrence: Marl facies at base of the Palau Lime-
stone (USGS 21304), near village of Goikul, Babelthuap,
Palau; age, late Miocene (Tertiary g).

Lucilina sp. B
Plate 1, figure 17

Tail valve medium in size, moderately arched, thick;
muecro prominent, situated almost direetly above posterior
margin; surface below muero slightly concave; sinus
broad, flat-bottomed, and pectinate; anterior insertion
plates wide and flat; insertion plates along the posterior
and lateral margins thick, strongly grooved externally,
and eut by numerous shallow slits. Surface of valve
croded but showing traces of close-set riblets that diverge
from a broad ridge that extends from the mucro to the
anterior corners of the valve.

Measurements of the figured specimen (Fiji sta. 110B),
USNM 648218: length 6.5 mm, width 10.3 mm, con-
vexity 4.0 1.

On a poorly preserved intermediate valve from the
same locality, a low, narrow ridge separates the pleural
areas from the central area; traces of fine vertical riblets
are preserved on the jugum and a fanlike pattern of
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similar lines is discernible on the rest of the central area.
The valve measures 19.2 mum in width.

The illustrated Fijian fossil resembles the Reeent L.
confossus described by Gould from Fiji but has a lower
mucro and the vertical riblets of the central area that are
well developed on the fossil are not present on the Recent
shell.

Occurrence: In the Ndalithoni Limestone; age, prob-
ably Phiocene (Tertiary h); Vanua Mbalavu, Fiji (sta.
110B). Two zimilar but more coarsely ribbed tail valves
from the Miocene Suva Formation; age, Tertiary f; Viti
Levu, Fiji (sta. FB20), and from drill hole F-1 on Eni-
wetok at a depth of 320-330 feet (Tertiary h or Pleisto-
cene) are questionably referred to this species.

Lucilina sp.

Plate 1, figures 18, 19

Intermediate valve minute, width greatly exceeding
length, moderately arched; beak and dorsal area smoothly
rounded; lateral areas divided on ecach side by a nodose
ridge extending from near the beak to about the mid-
point of the lateral margin of valve; on posterior side of
ridge there ix a prominent row of eye spots (eight on
cach side in figured specimen); lateral area crossed by
rounded longitudinal ridges that are better developed
on anterior side of diagonal cye-bearing ridge. Insertion
plates short, pectinated, cach with a single slit at side;
insertion plates =cparated by a shallow denticulated
sinus.

Measurements of the figured specimen (MCZ 28020) :
length 0.9 mm, width 3.0 mm, convexity 0.6 mnn.

Represented by two intermediate valves, both obtained
from the same small sample. The specimens may be
mmmature, They seem similar in general features to L.
picta (Reeve), a Recent speeies from the Torres Straits,
but T have not seen specimens.

Occurrence: Cuttings from a drill hole on Funafuti
Atoll at depth of 70 feet; age, Recent.

Family ACANTHOCHITONIDAE
Genus ACANTHOCHITONA Gray
Gray, 1821, Nat. Amangement Mollusca, London Med. Reposi-
tory, v. 15, p. 234.

Type (by monotypyi: Chiton fascicularis Linnaeus.
Recent, Mediterranean.,

Acanthochitona sp.

Plate 1, figures 20, 21

Intermediate valve thin, highly arched; exposed part
of valve semicircular in outline, lateral areas densely
pustulose, the pustules in indistinet radial lines; dorsal
area narrowly triangular with traces of longitudinal

CHITONS AND GASTROPODS FROM WESTERN
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grooves; beak inconspicuous; insertion plates wide, each
with a single slit near posterior edge.

Measurements of the figured specimen (E-1, Eniwetok,
770-780 ft), USNM 648220: length 1.1 mm, width 2.5
mni, convexity 0.8 mm.

Occurrence: Two slightly worn specimens from drill
hole E-1 on Eniwetok Atoll, depth 560-780 feet; a simi-
lar intermediate valve was recovered from drill hole 2B
on Bikini at depth of 873-884 feet; the figured specimen
and the Bikini specimen are from beds referred to late
Miocene (Tertiary g). The younger Eniwetok specimen
{560-570 ft) may be Pliocene.

Genus CRYPTOPLAX Blainville
Blainville, 1818, Dictionnaire Sci. Nat., v. 12, p. 124.

Type (by subsequent designation, Herrmannsen 1852,
Indicis Generum Malacozoorum Primordia, supp., Cas-
sellis, p. 39): Chiton larvae-formis Burrow, Recent,
southwest Pacific islands.

A group of vermiform chitons with well-developed
fleshy girdles; adapted to living in burrows and other
holes in coral or other rock. J. P. E. Morrison collected
numerous specimens beneath pieces of coral rubble on
the harricr reef off Noumea in New Caledonia. He noted
that the chitons were completely light fugitive (J. P. E.
Morrison, oral conmnun., 1961). Insertion plates are ex-
tended forward; head valve with three slits; others unslit.
Though specialized, species in the same advanced state
have been deseribed from the Tertiary of Australia and
Indonesia, and the occurrence of representatives in the
Miocene of the Marshall Islands and Fiji is not unex-
pected.

Cryptoplax cf. C. menkrawitensis Beets
Plate 1, figure 22

Three incomplete intermediate valves and a tail valve
from the Miocene (Tertiary f) Suva Formation of station
160, Viti Levu, Fiji, bear the pustulose sculpture of C.
menkrawitensis Beets (1941, p. 8-9, pl. 1, 1-3; 1942, p.
242, pl. 26, 4-6) from the upper Miocene of East Borneo.

Measurements of the figured Fijian specimen, an inter-
mediate valve, USNM 648221: length (incomplete) 1.7
min.

The tail valve from Fiji is proportionately longer and
more highly arched longitudinally than that of Crypto-
plax sp. A from Bikini (below) ; in the Fijian specimen
the continuous insertion plate is extended slightly for-
ward.

Cryptoplax sp. A
Plate 1, figures 23-27

Head valve small, slightly longer than wide, central
areas more than a semicircle; apex small; insertion plate
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broad, bearing three grooves that end in shallow slits or
notches; surface covered by close-set pustules arranged
in rows paralleling lateral margins; shallow groove
parallels anterior and lateral margins.

Measurements of the figured specimen (pl. 1, figs. 23,
24; E-1, Eniwetok, 750-760 ft), USNM 648222: length
1.4 mm, width 1.2 mm.

Intermediate valves known only from one specimen
that is unbroken but shows no trace of surface sculpture.
Measurements (pl. 1, fig. 25; 2B, Bikini, 1,891-1,902 ft),
USNDM 648223 length 2.1 mm, width 1.2 mm.

Tail valve small, slightly longer than wide, muecro
rounded, central arca wide, bordered on each side by
three rows of heavy pustules; insertion plate thick, ex-
tending posteriorly beyond the muero. Measurements of
the figured speeimen (pl. 1, figs. 26, 27; 2B, Bikini, 1,870-
1,881 ft), USNM 648224: length 1.1 mm, width 0.9 mm,
convexity 0.4 mm.

The sculpture of the Bikini tail valve is similar to that
of the Reeent (' striatus Lamarck, but in the Recent
speeies the central arca is narrower, and the insertion
plate is directed forward. The Marshall Tsland speci-
mens probably represent an undeseribed species.

Occurrence: Head valve from drill hole E-1, Eniwetok
Atoll, depth 750-760 feet; latec Miocene (Tertiary g).
Intermediate and tail valves from drill hole 2B, Bikini
Atoll, at depths of 1,891 14-1,902, 1,870 14, and 1,881
feet respectively; in beds referred to carly Miocene
(Tertiary e).

Cryptoplax sp. B
Plate 1, figures 28-30

Two valves of a larger species of Cryptoplar were re-
covered from cuttings in drill hole F-1, Eniwetok Atoll:
a tail valve from a depth of 720-730 feet and an inter-
mediate valve from a depth of 800-810 feet, both oceur-
rences in beds referred to Tertiary g. Save for the median
ridge, all traces of seulpture have heen eroded from the
valves. A specifie determination ix not possible, but
both valves probably represent the same species. The
general shape and proportions of the intermediate valve
(USNDM 648225; length 7.3 mm, width 3.0 mm, convexity
1.3 mm) arve similar to C. menkrawitensis Beets from the
upper Mioeene of Bornco.

Mecasurements of the tail valve, USNDM 648226 length
5.5 mim, width 3.1 mim, eonvexity 1.6 mny,

The tail valve of (", sp. B differs from (. sp. A in hav-
ing the inscrtion plate projecting forward. A small and
badly worn tail valve from drill hole E-1 at a depth of
890-900 feet (Tertiary e) may represent (. sp. B; a small
incomplete head valve from this same horizon is pro-
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portionately wider than €. sp. A and may represent C.
sp. B.

Cryptoplax sp.

Four badly worn intermediate valves and one tail
valve occurring with C. ef. menkrawttensis in the Suva
Formation at station 160 (carly Miocene, Tertiary f) on
Viti Levu may represent a distinet species. All the valves
except one are much longer than wide, and all are marked
by =trong longitudinal ribs rather than lines of pustules.

GASTROPODS

Family HALIOTIDAE
Genus HALIOTIS Linnaeus
Linnacus, 1758, Systema naturae, 10th ed., p. 779.

Type (by subsequent designation, Montfort, 1810,
Conchyliologie systématique, v. 2, p. 119): Haliotis
asinina Linnacus. Recent, Indo-Pacific seas.

Haliotis is widely distributed in the warm and tem-
perate scas of the world today. Species are particularly
numerous in the Australian area but are not uncommon
in Japan and others areas in the western Pacific and
along the west coast of North America. Some species
also occur on reefs encircling the islands of the open
Pacific.

Cretaceous species have been reported from California
{Anderson, 1958, p. 146) and Puerto Rico (N. F. Sohl,
oral commun., 1964). Miocene forms have been described
from Australia, Japan, Fiji(?), and the west coast of
North America and Furope. Most specics cling to rocks in
shallow waters; fossil occurrences are rare. A total of
nine specimens are found in the present collections—six
from Guam, two from Fiji, and one fromi Tinian. All,
unfortunately, are preserved as internal molds but appear
to be identical with, or closely related to, species known
to inhabit reefs in these same areas today. All, with the
possible exception of the Fijian occurrences, appear to
be post-Miocene in age.

Subgenus PADOLLUS Montfort
Montfort, 1810, Conchyliologie systématique, v. 2, p. 115.
Type (by original designation): Padollus rubicundus
Montfort, Recent, Indo-Pacific seas.
Haliotis (Padollus) ovina Gmelin
Plate 2, figures 1, 2
Haliotts ovina Gmelin, 1791, Systema naturae 13, p. 3681.
Pilsbry, 1890, Manual Conchology, v. 12, p. 124, pl. 19, figs.
7, 8.
Ovinotis ovina (Gmelin), Cotton, 1943, Royal Soc. South Aus-
tralia Trans., v. 67, no. 2, p. 179.

Cotton, 1952, Royal Soc. South Australia. Malacological Sect.,
no. 1, fig. 20.
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A medium-sized, elongate-oval, moderately convex
species marked by strong radial folds that are clearly
reflected on internal molds of the shell. The folds extend
more than half way across the last whorl, ending in
prominent knobs. A flattened area separates the knobs
from a series of elevated perforations that rise from a
low keel; below the line of perforations a concave strip
extends to a sharp peripheral keel that is marked by
spiral threads; columellar plate wide and flat.

Measurcnients of the figured specimen (Guam, USGS
20489), USNDM 648227: length 58.2 mm, width 37.5 mm,
height 18 nmm.

Represented in the colleetions by four internal molds,
two of which are immature.

Occurrence: Guam, USGS 20489, 20687, 20619, 20602.
Age, Mariana Limestone in Reef facies, Detrital facies,
and Agana argillaccous member; Pliocene and Pleisto-
cene,

Recent shells have been reported from Australia and
many islands in the western Pacific (Philippines,
Ryukyu, Fiji, Ellice, Marshalls, Samoa, and others).

Haliotis (Padollus) cf. H. clathrata Reeve
Plate 2, figures 3-5

Three internal molds, two from Guam and one from
Tinian, may represent this Recent species described from
the Philippines (Reeve, 1846a, p. 57; 1846b, pl. 17, fig.
71) and also known from the Marshall Islands. The
following notes are hased on the fossils.

A small elongate-oval species with body whorl flat-
tened and spire low. The surface of the body whorl is
marked by prominent radial folds that are crossed by
numerous waved spiral ribs; the folds terminate at a
low-angled carina hearing the molds of large elevated
perforations. Below the perforated carina there are
strong spiral ribs; the peripheral carina is noderately
rounded. The columnar plate ix wide and flat.

Measurements of the figured specimen from Guam
(USGS 20994), USNM 648228: length 24.8 mm, width
22.2 mm, height 6.6 mm; figured specimen from Tinian
(USNDMI 648229): length 15.9 mm, width 8.9 mm, height
about 5 mm.

Localities: Guam, USGS 20994 and 20639 (immature
specimen’; Tinian, USGS 21611. Collected by Josiah
Bridge.

Horizon: Guam oceurrences from detrital facies of
Mariand Limestone; age, Pliocenc and Pleistocene
(figured specimen) and Alifan Limestone, (Miocene,
Tertiary ¢ or A); Tinian specimen from limestone ter-
race at altitude of 120 feet, probably equivalent to
Mariana Limestone of Guam.

CHITONS AND GASTROPODS FROM WESTERN

PACIFIC ISLANDS

Haliotis s. 1.
Haliotis tuvuthaensis Ladd

Haliotis tuvuthaensis Ladd, 1945, B. P. Bishop Mus. Bull. 181,
p. 351, pl. 50, figs. E, F.

The single internal mold on which this species is based
does not show the radial folds that characterize H. ovina
Gmelin but there are two rows of secondary nodes inside
the keel that bears the nodular openings.

Occurrence. Island of Tuvutha in Lau (eastern Fiji) at
an altitude of 650 feet. Collected by E. C. Andrews.
Probably Futuna Limestone, early Miocene (Tertiary

.

Haliotis sp.
Haliotis sp. Ladd, 1945, B. P. Bishop Mus. Bull. 181, p. 351.

A single incomplete internal mold resembling H. ovina
Gmelin but with a higher spire and a more convex body
whorl.

Occurrence: Island of Ngillangilla off coast of Vanua
Mbalavu in Lau (eastern Fiji) at an altitude of 10 feet.
Collected by E. C. Andrews. Possibly Futuna Limestone,
early Miocene (Tertiary f).

Family SCISSURELLIDAE
Genus SCISSURELLA d’Orbigny
d’Orbigny, 1824, Soc. Hist. Nat. Paris Mem., 1, p. 341.

Subgenus SCISSURELLA s.s.

Type (by subsequent designation, Gray, 1847, Zool.
Soc. London Proe., pt. 15, p. 146) : Scissurella laevigata
d’Orbigny. Recent, Mediterrancan Sea.

Scissurella (Scissurella) declinans Watson

Plate 2, figure 6

Scissurella declinans Watson, 1886, Challenger Rept., Gastropoda,
p. 115, pl. 8, fig. 2.
Pilsbry. 1890. Manual Conchology v. 12, p. 57, pl. 65, figs. 6-8.

Minute, depressed, thin, transparent; upper half of
whorl with a strong carina with elevated edges; above
the carina the surface of the whorl is flattened, below the
carina it is at first concave, then broadly convex; last
whorl very large; carina the site of a narrow deep slit
extending backward from the aperture; umbilicus wide
and deep, funne] shaped, marked by fine lines parallel to
inner lip and bordered by a distinet carina; aperture
ovate, oblique. Sculpture of last whorl consisting of fine
spiral striae and lines of growth; on earlier whorls,
stronger oblique axial riblets are present both above and
below the carina.

Measurement of the figured specimen, USNM 648230:
diameter 1.3 mm, height 0.7 mm.

Occurrence: In drill hole E-1 on Eniwetok Atoll at
depth of 30-45 feet, a single well-preserved Recent shell;
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m hole 2B on Bikini Atoll at depth of 884-894 feet
(figured specimen) ; late Miecene (Tertiary g). Recent
examples were recovered fromr drift on Rongelap and
Rongerik in the Marshalls and on Ifaluk Atoll; in the
Carolines, D. P. Abbott collected the species alive from
algae growing on dead coral of pateh reefs on lagoon
shelf 75 fect from shiore in very shallow water (0-4 ft).
The type material was collected by the Challenger near
Cape York Peninsula, northeast Australia, in coral sand
at a depth of 155 fathons.

Scissurella (Scissurella) coronata Watson

Plate 2, figures 7. 8

Scissurella coronata Watson, 1886, Challenger Rept., Gastropoda,
p- 114, pl. §, fig. 4.
Pilsbry, 1890, Manual Conchology, v. 12, p. 56, pl. 65. figs.
11-13.

Very small; spire flattened, thin; upper part of whorl
flat, bordered by a strong carina with ereect margins;
helow carina the whorl is slightly concave, then broadly
convex; umbilicus moderately wide and deep; aperture
large, ovate, oblique. Sculpture consisting of strong,
curved axial ribs that are prominently developed on the
flat area above the carina and on the convex area below,
dying out near the umbilicus; fine spiral threads are
present above and below carina.

Measurements of the figured specimen (E-1, Eniwetok,
30-35 ft), USNDM 648329: diameter 1.9 mm, height 1.3
mni.

On the three Tongan fossil specimens the spiral sculp-
ture Is obscurely preserved, but they seem clearly to
represent this strongly ribbed Reeent species.

Occurrence: Drill hole E-1, Eniwetok, 30-35 feet; age,
Recent. Station 3, sea cliff at Houma, Tongatabu, Tonga
(B. P. Bishop Mus., geology No. 1338); from material
filling specimens of Turbo argyrostomus. Collected by
J. M. Ostergaard at an altitude of 35 feet; age, probably
Pleistocene.  Type material collected in the harbor of
Tahiti, Society Islands, near the reefs at a depth of 20
fathoms.

Subgenus ANATOMA Woodward

Woodward, 1859, Zool. Soc. London Proc.. p. 204.
Type (by original designation): Scissurella crispata
Flenming. Reeent, North Sea.
Scissurella (Anatoma) equatoria Hedley

Plate 2, figures 9, 10

Scissurella equatoria Hedley, 1899, Australian Mus. Mem. 3, pt.
9, p. 551.

The following desecription is based on the fossil mate-
rial:
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Minute; spire moderately high, thin; periphery of
whorls located near midpoint and bears a strong carina
leading to a slit whose edges are slightly reflected out-
ward; above, carina whorls are gently convex; immedi-
ately below car<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>